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Palavras Prévias do Presidente 
Eng. JENARDANA U. N. COUNTÔ 

Your Excellency 

Ladies and Gentlemen 

This Institute, nearing about a centnry of its life devoted 
to promote tbe cultural uplift of Goan population, has the plea- 
sure of opening its Hall, once more, for the formal reception 
of its newly elected members. 

The devotion for the culture and consequently, the respect, 
for the intellectuals who support it may be placed among the 
best sentiments of citizens of modern times and, in some coun- 
tries, that sentiment reaches such a high levei as to inspire the 
people for classifying the members of learned societies, such as 
the Institutes and Academies of Science, as “ Immortals”. 

tiere in the Institute “ Menezes Bragança ” we are far 
from the standard of knowledge and wisdom of the “ immortal ” 
members of cultural institutions as Science Academies in the 
rest of índia or Abroad; biit I am proud to say, both in my 
name and on behalf of the other members of this Institute, that 
our desire to serve the several compartraents of hurnan know¬ 
ledge is of a comparable order of magnitude as that,whichis 
inspiring those great intellectuals. 
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It is not out of place to remind liere briefly how this 
Agremiation carne into existence and how it has strived to dis- 
charge duties during ils long life. 

Our Institüte was created by a Government Order dated 
the 22nd November 1871, in the preainble of which it is stated 
that the aim in view for its foundation was to .establish in Goa 
a scientific and literary association, so as to satisfy a represen- 
tation of some intellectuals of this town. 

Unfortunately, some dose of the Portugaese Government 
Policy carne to be mingled with the purity of sentiments of those 
inspired intellectuals. As a result of this, the Agremiation then 
founded, not only was named after Vasco da Gama and intend- 
ed to serve the Portuguese culture in the East, but also its 
inauguration was given the meaning of honour to the greatest 
and proíitable enterprize of the XV century, just to quote the 
preamble of the Bye-law regarding the Institüte published on 
the Gccasion of 374th anniversary of the date on which the great 
Portuguese Navigator turned the Cape of Good Hope in his 
discovery of a sea route to índia. 

It is obvious that this Institüte, during its long life, could 
not be such a vigorous cultural agremiation, as it deserved, just 
for the same reason why Goa, under the Portuguese conception 
of being a projection of Portugal in Asia and, coníined as it was 
to be a sortof political island by the side of the great Indian 
Sub-Continent, could not enjoy a brilliant intellectual or econo- 
mical life. 

So, the activity of the Institüte was mainly concerning 
the literature, history and politics, Scientific activity, in its 
true sense, was very poor, since it required a suitable environ- 
ment which was not existing in Goa where there was no other 
ccllege for higher education, but the Panjim Medicai School. 

Only in the last few years, some meagre contribution to« 
wards J:he Science was started by this Instituie and recorded in 
its maga?ine. 

Nevertheless, the Institüte with all its ups and downs, had 
somehow creditable activity of its members, mainly as regards 
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literature and research work in history and politics, as can be 
seen through the collections of its magazine named “ Bulletin 
of the Institüte ” by means of which a regular cultural contaet 
was raaintained with several learned societies around the World. 

One of the important aspects of our activity has consisted 
of public conferences, Communications, exhibitions on arts, 
archeology and philately sponsered by this Institüte and it is 
not an exaggeration to state that some of such contests or cul* 
tural manifestations have constituted sufficiently amazing 
achievements in this small territory. 

Is is a pity that a large part of our members’ activity re- 
raains unknown to the general public, unless they go through 
the pages of our Bulletin. 

For creating better interest towards our agremiation and 
serving better the public, we have started recently the practice 
of conducting our conferences, symposia etc. not only in Por¬ 
tuguese and English, but also iii Indian languages and we 
intend to introduce such practice in the publication of our 
future numbers of the Bulletin. 

With your permission, Sir, I am giving belowa short account 
of the subject-matters published in the last issues of the Bulletim 
of the Institüte, as well as of the conferences and papers which 
will come to light of publicity in its next numbers, 

i) Water and its use through the evolulion of theman- 
-kind by Engineer Balcrisna Naique 

ii) Considerations pbout some Luso-Indian Words by 
Professor Panduranga Pissurlencar. 

iii) Our monstruosities by Doctor Constancio de Masca- 
renhas. 

iv) Some properties of tri*ci.ispldal and four-cuspidal 
hypocyclüids by Engineei Janardana Countó. 

v) Economic and financial Panoramas of Goa, Damao 
& Diu, by Doctor José Canctiçâo Almeida, 

vi) Colloquys from Doctor Garcia da Horta by Doctor 
João Manoel Pacheco de Figueiredo. 



í 
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vii) Importance of statistical methods in physics by Engi- 
neer Jenardana Countó. 

V i i i) Symposium on Democracy and Elections by Professor 
Manoharai Sar Desai, Shri Ravindra Kelekar and 
Shri Sukerker. 

ix) Grounds for a University in Goa by Professor Nara. 
na Sar Dessai, 

x) Goan Personality by Professor Balcrisna B. Borker. 

xi) Homraage to Padma Bhushan Shri Mamasaheb Va- 

rerker for bis literary work in Marathi. 

X i i) México and the East—a Study of Cultural contacts 
by the Mexican historian Shri Silvio Zavala. 

It is needless to emphasize that this Institute, being a cen¬ 
tre of culture, our aim is to maintain an academic levei in our 
activities and to serve the country in the cultural íield without 
any bias whatsoever, either of political or religious or regional 
or communal nature. 

It is our earnest desire to accompany, within our meagre 
resources, the frantic efforts which are being made throughout 
the leading countries in the World for keeping up the youth 
with the expanding horizons of the human knowledge that are 
taking place, as a result of scientiíic revolution with its ramifica- 
tions in technology and ultimately in human welfare. 

Âs Indians, we have full consciousness of the role we have 
to play towards the development of knowledge, particularly in 
the domaiiis of Science and technology and we are trying to pay 
our best attention for creating in Goa a suitable environment 
for research work. 

We are aware that for the implementation of the large and 
ambitious programme of keeping pace with the ever-increasing 
fronts of Science, several steps are being taken throughout the 
Nation in such matters as the increase of number of research 
institutíons, with emphasis to the quality of work undertaken by 
the SGÍentists, improvement of methods of teaching, right forma- 
tion of future teachers and professors etc, 
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Unfortunately, our territory of Goa, on account of the his- 
torical destiny which separated it, for long centuries of colonial 
regime, from the motherland índia, is rather behind the rest of 
the country, particularly in the íields of science and technology' 
and so it has to cover, at a speedy and staggering rate, the gap 
that exists comparatively to the development of the rest of the 
I country. 

1 ; It is needless to emphasize how important is the task to be 

[ fulfilled by the Universities and cultural institutions at this 

I juncture of history of our Nation, for promoting the up-Iift of 

I: the youth. 

[ It is a well known fact that we have in Goa potentially all 

i the requisites which are necessary for our full integration in the 

ílow of scientific progress which is taking place in the rest of In- 
dia. Our human folk is practically the same as that of many 
other parts of índia such as, for instance the Maharastra Pro- 
vince, as far as the intellectual qualities are concerned. 

Although it maybeavery extraordinary fact over which 
the sociologists may concentrate their attention for trying to ex- 
.j plain it, the • Goans neverlost the contact, in spite of foreign 

i rule, with mülennary Indian cultural inheritance transmitted by 

One generation to the next, by challenging continuously the 
strenuous and persistent efforts developed by the Portuguese, for 
creating here a new type of society molded on Western pattern. 

Once upon a time, índia was the greatest centre of culture 
in the world where, with a tolerant spirit which is unique in the 
^ sense of distinguishing our country from the others, several 

schools of thought were co-existing in a harmonious atmosphere, 

Swarai Chinmayananda, whose mighty intelligeiice, tho- 
rough knowledge of philosophy, profound wisdom and an inspi- 
red life entirely devoted to the up-lift of our country, we had 
a chance to admire recently in his excellent discourses promoted 
by the Vivekananda Society in this Institute, has rightly synthe- 
tized the concept of Indian culture, by comparing the ancient 
culture of our land to a solvent that integrates all cultures and 
absorbs the good values of all other cultures. Swamiji has 








6 BOLETIM DO INSTITUTO MENEZES BRAGANÇA 


further added that, due to this spirit of absorption, it has always 
been far from being hostile, positively friendiy, towards alien 
cultures and faiths, by adopting as basic principie tlie one of 
“ give and tahe ” wliich is the reason why it has been progressi- 
vely a growing cniture. 

It is our intention to re-vitalize this Institute and to make 
it ôt for a brighter future along the lines adopted by the acade- ^ 

mies or other scientific, literary and artistic institutions in índia. 

Within this context, we have prepared a new Statutory Law 
to be submitted shortly to the Government, for re-organizing 
this Institute so that it niay accoraplish, as efihciently as possible, 
its task of proraoting the research activity in Goa with emphasis 
to the National aspects of culture and developraent of Hindi 
and other Indian languages. 

Let us not forget that índia possesses the highest sense of 
Universalistic nature of the culture and so let us hope that on 
the auspicious date of the first centennary of this Institute to bs 
held is 1971, this agremiation becomes a genuine Temple of 
knowledge where together with the Indian culture, occupying 
the central place, that of other peoples may have its place, 
within the basic principie of" give and take ” so wisely focussed 
by Swamiji Chinmayananda. 

May this date on which nine newly elected members are 
being received in this Institution, be so auspicious as to start the 
process of insufílating fresh vigour to our old Institute and to 
prepare the advent of a new era. 

As it is usual in similar functions, our fellow-raember 1 

Dr. Antonio Furtado will kindiy deliver his speech allusive to 
the formal reception and the new raeraber Shri Praxy Fernandes ; 

will be kind enough to speak on behalf of the new members. í 

Finally, I have to perform the agreable duty of expressing 1 

our deep gratitude to you. Sir, for the honour conferred on us 
by accepting our invitation for presiding over this function. 

To you, Ladies and Gentlemen, I extend my thanks for 
the distinction bestowed this Institute with your presence in this 
meeting. 


Discurso de Recepção 

PELO 

Dr. ANTÓNIO FURTADO 

Sócio Efectivo do Instituto Menezes Bragança 


Sr. Governador Tenente: 

Srs. Presidente e Vogais do Instituto Menezes Bragança: 

Minhas Senhoras e meus Senhores: 

Ploje é um dos grandes dias para o nosso Instituto. As 
suas portas abrem-se para receber os novos sócios. E novos 
membros significam mais elementos de renovo, extensão da sua 
actividade cultural, maior intensidade de intercâmbio de ideias 
e aspirações e mais amplas perspectivas do futuro. 

Os Estatutos limitam a 24 o número de sócios efectivos. Este 
numero acha-se elevado no projecto de novos Estatutos para 
36-0, que vem denotar uma rápida expansão cultural de que o 
Instituto espera ver-se beneficiado neste período de Libertação. 

Com novas instituições de Faculdades de Medicina e Far¬ 
mácia, de Colégio de Ciências e Artes, e de Escola politécnica, 
0 campo de actividade mental e prática tende a alargar-se. Se 
acrescentarmos os futuros colégios de Engenharia e de Direito 
e de uma reorientada academia de Música e uma outra de Belas 
Artes, sem nos esquecermos da revitalização do folclore regio- 


(*) Discurso proferido na sessão solene de recepção de novos sócios, 
realizada em 20 de Março de 1965. 
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nal 0 mais poderoso elo de aproximação de diferentes povos- 
justificar-se-a a amplitude de objectivos dos novos Estatutos. 

Há ainda a notar a crescente responsabilidade deste Insti- 
loto que, se antes se destinava a ser o “ centro de alta cultura 
portuguesa no Oriente”, terá agora de alargar a proiecoàoda 

sua actrvidade cultural, mantendo contacto e colaboraçãLom 
instituições congeneres na índia e no estrangeiro e convívio com ' 

“«'O historiador mexicano 

Também a revisSo do nosso património cultural terá de 
abranger ao lado de cultura nacional da índia, a cultura regio¬ 
nal de Goa, sem nos alhearmos das grandes correntes do pensa¬ 
mento internacional. E' que, com a rapidea de comunicações 
e fenomenais progressos da conquista do espaço e interdejen- 
dencia dos povos, como previra o Mestre Léou Dnguit, parL 
0 mundo está a tornar-se tão pequeno que a Rádio e tS 
quase que o acomodam dentro da nossa casa. 

Doutro lado, com a quebra de barreiras coloniais, as raças 
castas e cores terão de eliminar-se, para ceder lugar a uma polí¬ 
tica mais ampla de Igualdade, de auto-determinação, concóíd a 
c -existenca pacífica dos povos, e de troca, se n o de riqu í 
ixiatenais-, da plena oferenda dos seus valores espirituair 

Já vai para muitos anos que Romain Rolland advertia ■ A 
Europa estudou melhor o caminho da Asia quando tritou de 

pilhar, extorquir e explorar a sua riqueza material em nome 1 

civilizaçao. Mas qual seria a vantagem que obteve dos seus teso! 

ros espirituais? Algumas ficaram nos arquivos emuseus de ar 

Sts T ‘-‘-áasAcademian i 

gido umas migalhas; mas os alemães que têm uma vitalidade 
mais exigente, foram os primeiros a demandar da Asia para o 
seu espírito atormentado, a seiva que não encontravam na Eu- 

da^AsiatT’ ““ Keyserling popularizou a sabedoria 

a Asia e Hermaim Hesse ficou encantado com os artistas e sá¬ 
bios do Celeste Império da China. 

E qual foi a posição do R. Rolland ?- Ele confessa; “ Nous 
sommes en certain nombre en Europe, a q„i ne suffit pas L 
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eivilisations de L’Europe.... Nous sommes quelque—uns qui 
regardons vers ]’Asie. ” E, louvando o esforço de um pequeno 
número de Franceses que abriram brecha no muro de indiferença 
da Europa, diz: “.... alarguemo-la e através dela façamos ouvir 
à França a mensagem da índia.... Temos o dever de trabalhar 
pela união dos pensamentos do Oriente e Ocidente, para o Betn 
da Humanidade..., E isto porque tanto a Europa como a Amé¬ 
rica carecem de calma, paciência, viril esperança e alegria serena 
como uma lampada num lugar ermo sem vento e que nSo 
vacila no dizer de Bhagvat Gita.” 

Mas, antes dele, o grande escritor e estudioso da arte 
Indiana, Ananda Coomaraswamy, tinha escrito no seu belo 
ensaio “ Jovem índia ” : 

“A floração da Humanidade vale para nós mais do que a 
vitoria dum partido. O povo eleito do futuro não pode ser uma 
nação ou uma raça, mas uma aristocracia da Terra, unindo 
a energia da acção europeia à serenidade do pensamento asiá¬ 
tico 

De igual maneira, não deve faltar a contribuição do Ins¬ 
tituto para que esse intercâmbio do pensamento e acção venha 
dar lugar entre nós a um novo surto de cultura e civilização,— 
fruto do génio nativo com o qual contribuiremos, dentro da 
nossa modéstia, para um bom entendimento com outros povos. 

A humanidade tem de convencer-se de que, apesar de 
vários desacertos e insucesso das Nações Unidas, ainda reside 
nesta organização. Surgem agora agremiações culturais como 
associações de juristas e intelectuais' que têraierguido a siia voz 
contra a tirania em defesa de interesses humanos, pelo seu bem- 
estar, agora que o mundo está exposto a que seja aniquilado 
por bombas atómicas, de hidrogénio ou cobalto. 

E’ neste avanço e recuo das grandes marés da história—a 
que a própria libertação de Goa não é alheia - que o Instituto 
Menezes Bragança escolheu os novos sócios e de quem damos 
brevíssimos notas focando apenas o aspecto global da sua acti- 
vidade menta]. 
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Os novos Sócios eleitos são: 


SECÇÃO DE LETRAS 

Praxy Fernandes 

Para 'escolha deste sócio não se atendeu tanto à sua elevada 
situação oficial de' Secretário-Chefe do Governo de Goa, 
Damão e Diu, como ao brilho da sua palavra falada e escrita, 
à profundeza conceituai do seu pensamento, ao sóbrio vigor do 
seu estilo e ainda à sua garra de intelectual que, desde estudante 
obteve distinções,--ganhando bolsa de Estudo Lord Minto para 
estudo de História, e medalha de Oiro Gustrov Vadía. 


Laxmanrao Sardessai 


E um novelista e prosador de invulgares méritos. A pena 
corre-lhe com igual destreza em marata, concani ou português. 
Obteve prémios numa competição de contos em marata. E’ dos 
raros escritores que vive de sua pena, espalhando beleza na amo- 
favel configuração das suas personagens. E’um artista criador 
que to no seu activo'cerca de 500 contos, 12 volumes de novelas 
é prémio internacional em 1959 para o seu conto “ Gold Mohur" 
conferido pelo New Tofk HeraldTribune. E-so agora, depois 

de vários anos- de exílio, (pois ele foi inquilino do Forte de 
Aguada), de'certo,'eStá ele indicado a desenvolver temas refor- 
mativosia^mossa Sociedade, mostrando que, ao lado de literato, 
ele sabe por af sua arte ao serviço do nosso povo. 

SECÇÃO DE BELAS ARTES 


Maestro António de Figueiredo 

^ Depois de fazer o Curso da História da Másica na Fac, 

® Curso Superior de Violino no Cc 
servatono Nacional também de Lisboa, obteve a nota de “ Mi 


to Bom ” no Curso de Direcção de Orquestra na secção' Estran¬ 
geira do Conservatório Nacional de Paris. De então para cá, 
a sua carreira tem sido ascencional. E, o que os olhos têm visto 
e os ouvidos têm ouvido neste mesmo Salão do Instituto, bastam, 
por si só, para consagração do seu nome de artista. 

Mangnesh Yassndey Keukrê 

. É outro artista, mas de paleta. Diplomado pela Escola 
de Belas Artes de Bombaim os seus quadros feiram selecciona* 
dos pelo Governo Britânico para exibidos na Exposição Inter¬ 
nacional de Londres. Em Goa, fundou curso livre de Desenho 
e Pintura. Foram os seus méritos pessoais, popularmente co¬ 
nhecidos, que 0 elevaram à categoria de profesor do Liceu, on¬ 
de 0 seu leccionamento é por todos apreciado. São da sua autoria 
os retratos a óleo dos Governadores Máriano Martins, Massand 
de Araorim e Craveiro Lopes, ao tempo expostos no Palácio 
do Governo. 

SECÇÃO DE CIÊNCIAS MORAIS E POLÍTICAS 

Mons. Gregòrio Magno Antâo 

Foi um dos mais distintos estudantes do Seminário Me Ra- 
chol. Os seus méritos impuseram-se depois, na Pontifícia Uni¬ 
versidade Gregoriana de Roma, onde obteve o graú de Doutor 
na Faculdade de Direito Canónico com a distinção Magna cUé 
laude, A sua tese doutoral De Spodi Diamperkanae Natura 
atque Decretis mereceu a alta classificação áe Stima cunt íaüàê. 
Entre as suas várias publicações de carácter socio-religioso, 
contam-se: “ Caminhos da Vida ” e “ Reflexões sobre a crise 
moderna ”, da série “ Problemas de Filosofia da Vida”. 

I f 

Pe. Eduardo de Cruz 

E’licenciado em Filosofia e Teologia pela Universidade 
Gregoriana de Roma; M. A.'(Oxon.) e professor da História 






13 


12 BOLETIM DO INSTITUTO MENEZES BRAGANÇi 

moderna de Ciência Política no Colégio de S. Francisco Xavier, 
de Bombaim, de que foi também Director. É ínembro da Co¬ 
missão de Estudos Políticos na Universidade de Bombaim e 
Membro do Senado e do Conselho Académico da mesma Uni¬ 
versidade. 

Adv. Rui Games Pereira 

Ainda em estudante fundou as revistas “ Ala ’’ e “ Vida 
Nova As lado de distinto causídico que é, tem revelado o seu 
interesse de investigador de assuntos de actualidade, fazendo 
estudos das Instituições Jurídicas da índia em comparação com 
os institutos ocidentais, como “Jonos perante o problema de 
yocação sucessória e de prescrição aquisitiva “ Regime Ma¬ 
trimonial, regra e a adopção pela viúva entre os Banianes de 
Diu", e 0 estudo “/o»os" da sua colecção “ Questões da lndia'\ 

E' um novo que sabe pôr os seus méritos ao serviço da 
cultura do seu país e dos outros problemas sociais e políticos 
dos nossos dias. 

SECÇÃO DE CIÊNCIAS 

Rr. Emídio Afonso 

Na secção de Ciências, foi escolhido o sr. Dr. Emídio 
Afonso. Ainda em estudante, foi ele eleito sócio em 1937, do 
instituto Vasco da Gama, mas acomodaram-no na secção de 
Letras, Agora, por direito de conquista, entrou na secção em 
que 0 seu nome será penhor do progresso científico em Goa. 
Ele ocupa um lugar de relevo no ramo de investigação científica, 
cujo gosto desenvolveu sob a direcção do seu pai, Dr. Bossuet 
Afonso, oftalmologista premiado com medalha de oiro pela Uni¬ 
versidade de Heidelberg. O Sr. Dr. Emídio Afonso tem no 
seu activo, não apenas trabalhos de orden científica, mas ele 
próprio foi construtor de vários aparelhos hipersensíveis como 
cãrdiógrafo de sua invenção. Sei de um livro que estava a 
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preparar para depois o sujeitar à Comissão seleccionadora do 
Prémio Nobel, não com intuito de obter este prémio, mas ávido 
da opinião desse Comité de Cientistas, 

Prof. D. B. Yaglê 

Director do Chowgule College de Artes e Ciências. Este 
f^cto revela sobre si o seu alto merecimento académico. 

Meus Senhores: 

O projecto dos novos Estatutos busca dar especial relevo à 
nossa mocidade das escolas para que venha ela preparar um fu¬ 
turo melhor para a nossa Terra; à estandardização da língua 
concani, tal como deve ser construida dentro dos preceitos filo¬ 
lógicos e a tradução de principais obras científicas, literárias e 
artísticas, nacionais ou estrangeiras, na língua concani, além da 
expansão da actividade do Instituto, 

Na*iverdade, o atrazo e o envilecimento desta língua, falada 
por 99"/ da população, deve-se ao domínio português que a hosti¬ 
lizou sempre, enquanto que foram favorecidas as escolas de ma- 
rata, urdu e guzerate. 

Para perseguir a língua regional, desde há séculos, junta¬ 
ram-se as mãos das autoridades eclesiásticas e civis: “.ao la¬ 

do dos pagodes que se derrubavam e dos ídolos que' se tritura¬ 
vam com gáudio de todos — escreve Ayala na “ Goa Antiga e 
Moderna’’—-viam-se piras de fogo consumir livros e manuscri¬ 
tos dessa língua ( concani). Quantas preciosidades arquitectó- 
nicas e literárias não se perderam nessa insania religiosa. E o 
grande português, Cunha Rivara, constatou: “ Levantou-se con- 
íra a língua (concani) uma implacável guerra, a qual se a não 
-extinguiu e prescreveu, por ser empenho superior a forças huma¬ 
nas suprimir uma língua quando se quer". 

Por sua vez, o Dr. Santana Rodrigues, ex-lente da Facul¬ 
dade de Medicina de Lisboa, num ensaio sobre a Instrução Pú¬ 
blica em Goa, escreveu: “ E’ no idioma nativo e na natureza 
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indígena que Goa deve procurar o sangue novo com que trans. 
fundir o seu debilitado organismo para ampla expansão do seu 
génio ”, E 0 actual vice-chanceler da Universidade de Karna* 
tak, Prof. Armando Menezes, numa conferência que, há mais de 
30 anos, fez no “ Centro Regional de Chinchiním ”, afirmou 
“ O concani é o idioma (chamem-no dialecto ou língua) em que 
à alma goesa se descobrirá, exprimindo-se. Acha-lo-eis qmxó- 
tico, meus Srs., mas digo-o com desassombro porque digo-o com 
convicção: o maior homem de letras goês escreverá em conca- 

jii.Cultivemos o concani. Amemos a nossa língua. Come 

cemos por não nos envergonharmos dela. Comecemos por 
despir as nossas almas de todos os farrapos de empréstimo; 
por lavarmo-nos de tudo o que é postiço. Façamos as nossas 
abluções: pois a alvorada nasce ”, . 

A situação é agora trágica: a língua portuguesa está no li¬ 
miar da sua extinção; literária e ideològicamente, a língua in: 
glesa tem sido entre nós, pouco cultivada; a língua marata, posto 
que nativa, florescente e culta no Estado do Maharashtra, tem 
tido entre nós, salvo erro, mais interesse comercial e agora, po¬ 
lítico, do que literário. A língua concani, apesar de reduzid^ 
a trapo, constitue ainda a única herança comum de sobrevif 
vencia que nos resta como instrumento de compreensão entre os 
Go,eses. Reedificada esta língua, não hesitaremos em reconhe¬ 
cer que 0 maior homem de letras goês, escreverá em concani, , 

Ao lado de língua, dois outros meios de comum entendi? 
mento entre os povos, são a Música e Belas Artes. Temos d.? 
as cultivar, dada a propensão artística do nosso povo. E o Ins¬ 
tituto tem agora 2 artistas, ds vBTdãd* 

Quanto à música, V. Exias. sabem, esta arte-desperta o 
mais puro deleite à sensibilidade human?. Em nações bem oír 
ganizadas, a música até revela o carácter nacional. ■ Por eá 
0 fado é dolente e doentio, enquanto a música popular vem re¬ 
velar a vivacidade e exuberância do povo português. A músicá 
espanhola tem o sabor de sangre e amci^ mas também é opu¬ 
lenta como a aristocracia de Castela e vivaz e rumorejante como 
as suas mulheres, A russa é melódica e dum slavismo «lessiá- 
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nicoj tanto quanto a francesa é duma clássica delicadeza e plenà 
de emotividade intelectualizada. O estilo sinfónico de Beetho- 
ven e os arranques walquieianos de Wagner — o criador Tan- 
nhanser, Porsifal e Nibetugen — traz a marca do povo altamente 
idealista e também belicoso da Alemanha. A música indiana é 
meditativa e simbólica cujo segredo pôde descobrir um Mehnuin 
— música que tem aliás, similitude com o cantochão católico’. 
Mas a Música Goesa está destinada a ser o ponto de encontro 
do ritmo do Oriente e do Ocidente. O Maestro Figueiredo e os 
seus camaradas terão, entre nós, oportunidade de desenvolver 
a sua intuição musical e iniciar o delo de renascença folclórica 
de Goa. „ 

De igual forma, é importante a influência da Arte. As men¬ 
tes treinadas desde infância a compreender e apreciar a beleza, 
harmonia e proporção de linha e cor, vêm insensivelmente mol¬ 
dar os bons hábitos na vida dum povo. Daí, a obrigação do 
Governo, de dotar a educação nacional de museus e galerias 
de arte, uma vez que nem todos podem ter em sua casa objec- 
tos de refinamento artístico. Claro, não se quer que o Estado 
faça de cada cidadão um artista, mas que inspire o gosto do 
l^elo que enobreça os pensamentos, hábitos e sentimentos, ,0 
mais perfeito exemplo de educação pela arte vemos na estatuá¬ 
ria grega. Qs seus criadores bafejaram-na de um halo de imor¬ 
talidade. Houve quem a comparasse à obra dos deuses, se não 
a próprios deuses, pelo que têm de imortal a sua ática beleza. 

Nas suas admiráveis lições, Miguel Angelo exclamava esta- 
siado referindo-se à Arte e aos Artistas: “Que seria da^religião, 
se nós, os escultores e pintores, não exprimíssemos a tragédia 
extraordinária de Deus que morreu abençoando os que o cruci¬ 
ficaram ... Quem mais teria pintado como nós a Mãe de Jesus, 
com toda a sua gracilidade pagã, mas transfigurada pela belezã 
pelestial que tem inspirado, sonhos de luz, da fé e felecidade f 
Olhem 0 sorriso da Mãe de Deus que faz estremecer o coração de 
todas as mães. E quando os crentes tocam com ósculo sagrado 
as imagens e os quadros q.ue a nossa paleta, e cinzel idealizaram, 
cabe a nós, a glória-dp ter.emocionado os corações, humanos. 


i 
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Ah! O poder da Arte.Mas a arte indiana não ficou para 

traz. Revelou-se cora pujança com transcendental misticismo 
nos templos magestosos, mas sem nunca quebrar a interpreta¬ 
ção lógica dos seus símbolos. 

Não há muito, por exemplo, que actores e empresários en¬ 
traram era disputa e submeteram a um Tribunal, a contenda 
de decidir se os anjos eram ou não hermafroditas. O douto 
juiz, a contento das partes, declarou solenemente que os anjos 
eram assexuais. Mas a arte indiana, vai para séculos, pintou 
nas covas de Ajanta, anjos de um e outro sexo.' E o cicerone 
costuma anotar com pontinha de malícia: Se assim não fosse, 
isto é, se os anjos não tivessem sexo, como se poderia conceber 
a existência dos anjos e a sua multiplicação ?.... 

Mas, V. Exas. hão-de perguntar: Qual será vantagem prá- 
tica dessas considerações sobre Arte ? 

Todos sabem que a maioria de homens tem preguiça de 
pensar e orientam-se por aquilo a que os ingleses chamara 
" tought sensations Esta maioria, porém, está apta a reflectir 
através de sensações. E’ por isso que vemos cinemas, teatros, 
recitais de música e danças, cheios de assistência. Daqui se 
cònclue que, a arte é meio próprio e poderoso para obrigar um 
grande número de pessoas a reflectir. 

Do outro lado, uma minoria considerável está propensa a 
confundir os seus desejos, predilecções e paixões com o pensa¬ 
mento desinteressado ou, como queria Spinosa, suh specie aeter- 
nitatis. Estes carecera de exemplos teóricos e práticos de civis¬ 
mo, dentro de larga esfera social e política. E, enquanto esses 
exemplos não vierem, eles terão razão para continuar a confusão 
existente. Quem deve dar esse exemplo? Eis a grande questão. 

Só uma minoria reduzida que traga a mente livre de pre¬ 
conceitos que enferman a nossa sociedade, só esta poderá deli¬ 
near 0 sadio equilíbrio de uma nova sociedade, amarrando 
à Terra ideias que pairam alto, como as de igualdade social, 
política e económica, fazendo com que os homens se elevem 
acima da sua natureza animal, pelo refinamento de suas emo¬ 
ções, enobrecimento de sua imaginação de homem intelectual. 


Meüs Senhores: 


A necessidade da hora presente está etn concentrar a nossa 
atençao e nosso ^esforço para o Bem da nossa Terra, e nSo 
]» gar que ser socio do Instituto é um qualitativo para orna¬ 
mentar festas ou deitar lágrimas numa oração fúnebre. O in- 

de trabalho.^ O exemplo a que me referi, tem de vir, pelo me- 
nos, dos socios deste Instituto. ^ 

Há uns anos, estava esquecida a riqueza das nossas minas. 
Mas, decerto, a riqueza ainda maior está no grande reservatório 
da mina humana, na sua sinergia social, no seu espírito inqui¬ 
ridor e na redescoberta dos valores humanos. Até aqui temos 
estado a ver e admirar através de binóculos o que está demais 
Jonge, esquecendo o que está à nossa vista. 

A propósito, perraita-se-me que eu refira nra facto que vem 
Ilustrar essa minha afirmação: 

Uma senhora católica de Nagar Aveli, vendo o seu marido 
a debater-se nas vascas de agonia, fez, como supremo recurso 
um voto a Sr.» da Piedade, padroeira de Igreja, de que ek 
solenizaria com brilho a sua festa, se o seu marido se salvasse 
de morte immente. N. S.» onviu-lhe a prece e o homem ficou 
bom A digna esposa cumpriu a promessa com uma retnmbân- 
cia desusada. O pregador da festa foi um desses oradores vi¬ 
brantes que deixa ao terminar o panegírico, uma lágrima sus¬ 
pensa nos olhos comovidos dos fiéis. E, na verdade, S. Rev 
enumerou quantos milagres N. S.> havia operado na Italia, Es- 
panha, Fátima, Lourdes, etc., a favor dos seus devotos. Fo^os 
e musica marcaram o fim da festa. 

Seguindo a praxe, a bondosa senhora convidou-nos para um 
almoço. E antes de o terminar, pediu-me que agradecesse 
ao pregador o esplendor do seu sermão. 

Como bom católico, agradeci em nome da dona de casa 
e observei ao ilustre pregador, por rainha conta e risco, que me 
sentira também maravilhado com a sua oratória, mas esperava 
que S, Rev.n^a não se esqueceria do milagre da cura do marido 


i 
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dessa devota seahora, pois que a solenidade religiosa era apenas 
um tributo de agradecimento à Sr.^ da Piedade O pregador, 
porém, teve esta saída airosa; que iria anotar no livro de ser¬ 
mões mais este milagre de Nossa Senhora... 

Perdoem-me se cansei a vossa atenção ; mas, ao terminar, 
nunca será demais lembrar aos ilustres consócios o dever que 
temos de trabalhar por tornar aprazível a realidade que nos 
circunda e, só depois, esforçarmo-nos para segurar a Ave do 
Paraíso que venha inspirar todos os Goeses, sem odiosa distin¬ 
ção de religiões, a viver o breve momento de vida, com eleva¬ 
ção, dignidade e prazer de o viver. 

Que 0 novo sócio, sr. Praxy Fernandes, os refaça de fadi¬ 
ga de me ouvir, com a sua palavra demosténica que encanta 
€ seduz. 


Some Properties of Hypo-Cycloids 
and Epicycloids 

BY 

Eng. JENARDANA U. N. COUNTÓ 

Sócio Efectivo do Instituto Menezes Bragança 


In November 1963,1 had pleasure to read at this Institute 
a paper concerning some properties of tri-cuspidal and four-cus- 
pidal hypo-cycloids expressed in 118 theorems, someof which 
contain, in my opinion, results which are not traceable in the 
mathematical literature of my knowledge. 

The above paper, after being published in the last íssue 
No. 83 ■ 1963 of our Bulletin, will be distributed among several 
Universities and research institutions in índia and abroad and 
the verdict of the respective learned members and professors 
be awaited. 

Meanwhile, the research of hypocycloids of higher order as 
well as of the several epi-cycloids has been continwsd and some 
interesting results have been found and formuíated in about 
400 theorems. 

Some properties of such curves considered in their most 
general form (i.e. m-cuspidal hypo and epi-cycloids) have 
been expressed as Diferential Equations and these will be ob-, 
ject of a separate paper to be sent to an Acaderay of Science. 

I intended to read, this time, a paper dealing with a 
topic from other branches of Mathematics as well as on Engi-' 


(*) Paper read at the Institute on 23rd Marcli 1964. 
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with its inscribed circle and makes with theinitial cuspidal tan- 
gent an angle equal to the supplementary of 3/2 times the para- 
meter of the contact point M, 

Theorem II; From any point A on the inscribed cirde 
of a five-cuspidal hypo- cycloid, five tangents can be drawn to 
the curve, four of which are equi-angular, forming an angle of 
45° with one another and the sum of their angles with the ini* 
tial cuspidal tangent added to the angle made by the 5 th tan- 
gent is a raultiple of 180”. The four equi-angular tangents form 
two pairs of perpendicular tangents. 

Theorem UI ; The length of the chords Mi Ms, Ma M^ 
of the contact points of each pair of parpendicular tangents 
drawn to a five-cuspidal hypo-cycloid, from any point A on its 
inscribed circle, is constant and equal to 8 times the radius of 
the rolling circle. 

Theorem IV : The contact points Mi, Ma, Ma, M 4 of a 
set of four equi-angular tangents drawn to a five-cuspidal hypo- 
-cycloid from a point A on its inscribed circle, are vertices of 
a square, having its side equal to 4 times the side of the square 
inscribed in the rolling circle that generates the curve. 

Theorem V : If from any point A on the inscribed circle 
of a five-cuspidal hypo-cycloid, two pairs of perpendicular tan¬ 
gents be drawn to the curve, the centre of the square formed by 
the four contact points of the tangents lies on the linejoining 
the centre with the point A, at the opposite side from this 
point and describes a circle equal to the rolling circle and con- 
centrical to the inscribed circle. 

Theorem VI i The mid^points of sides of the square for¬ 
med by the contact points Mi, Mg, M 3 , M^, of the two pairs of 
perpendicular tangents drawn to a five-cuspidal hypo-cycloid 
from a point A on its inscribed circle, describe together a sin¬ 
gle locus which is a five-nodal hypo-trochoid with a radius of 

rolling circle equal to R/VT" and its constant m=»VT 
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Theorem VII : Any tangent at M to a five-cuspidal hypo- 
-cycloid raeets its inscribed circle at two points A, B, which are 
such that the radius of the former, makes with the initial cuspi¬ 
dal tangent an angle equal to the parameter of the contact point 
M, whereas the radius of the latter makes with the same line an 
angle equal to the supplementary of four times that parameter. 

Theorem VIII: Any tangent t to a five-cuspidal hypo-cy¬ 
cloid meets its inscribed circle at two points such that t is not 
pertaining to the set of perpendicular tangents (i.e. it is the 5 th 
tangent) drawn to the curve from one of these points, say A, 
whéreas it belongs to such a set drawn from the other point A’. 
The angle made by the 5th tangent from A’ with the initial 
cuspidal tangent is 4 times that of t with the same line. 

Theorem IX ; The square formed by the contact points 
Ml, Ma, Ms, M 4 of the two pairs of perpendicular tangents 
drawn to a five-cuspidal hypo-cycloid from a point A on its inscri¬ 
bed circle is such that the angles formed by its two consecutive 
sides with the initial cuspidal tangent are complementary and 
supplementary to 1/4 the parameter of the contact point of the 
5th tangent drawn from A. 

Theorem X: If the rolling circle of a five-cuspidal hypo- 
-cycloid is thought of, as rolling on the outer periphery of its 
inscribed circle, instead of rolling inside its base circle, itwill 
generate a tri-cuspidal epi-cycloid, the distance of whose general 
point to the initial cuspidal tangent is the same as that of the 
point of the hypo-cycloid corresponding to the same parameter. 

Theorem XI •. The length of any tangent pertaining to a 
pair of perpendicular tangents that can be drawn to a five- 
-cuspidal hypo-cycloid from a point A’ on its inscribed circle is 
equal to the product of 8 times the radius of itsTolling circle by 
the cosine of 5/2 times the parameter of its contact point. 

Theorem XII : The length of the 5th tangent (i.e. that 
which does not belong to a set of perpendicular tangents) which 
can be drawn to a five-cuspidal hypo-cycloid from a point A’ on 
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its inscribed circle is equal to the product of the diameter of its 
rolling circle 5/2 times the parameter of its contact point. 

Theorem XI11 : The sum of squares of any two perpen¬ 
dicular tangents that can be drawn to a five-cuspidal hypo- 
■cycloid from a point on its inscribed circle is equal to 64 times 
the square of radius of its rolling circle. 

Theorem KIV : The sum of squares of areas of the two 
rectangles formed by the tangents of each pair of perpendicular 
tangents to a five-cuspidal hypomycloid from a point A’ on its 
inscribed circle is equal to square of 32 

Theorem XV ; The portion of a tangent to a five-cuspidal 
hypo-cycloid comprised within its inscribed circle is equal to the 
product of 3 times the diameter of its rolling circle by the cosine 
of 5/2 times the parameter of its contact point. 

Theorem XVI : The portion of the tangent at a point M on 
a five-cuspidal hypo-cycloid comprised within its rolling circle, in 
its position corresponding to a point M, is equal to l/3 its portion 
comprised within the inscribed circle. 

Theorem XV11: If from a point A on the inscribed circle 
of a five cuspidal hypo-cycloid the two pairs of perpendiculars 
tangents are drawn to the curve, times the length of a 
tangent belonging to one pair is equal to sum or difference of 
lengths of the two tangents of the other pair, all the lengths 
being ineasured from the point A. 

Theorem XVIII : The distance from a point A on the 
inscribed circle of a five-cuspidal hypo-cycloid to the second 
point of intersection of the rolling circle touching it at A with 
one of the perpendicular tangents that can be drawn from A, is 
equal to 1/4 the length of the tangent measured from this point. 

Theorem XIX \ The normal to a five-cuspidal hypo-cy¬ 
cloid at a point M passes ( as it happens with all the roulettes) 
through the contact point Aj of its rolling circle with the base 
circle. 
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Theorem XX :The normais drawn at the contact points M, 
M’a, M’ 3 , M ’4 of two pairs of perpendicular tangents to a five* 
-cuspidal hypo-cycloid drawn from a point A’ on its inscribed 
circle form obviously two pairs of perpendicular lines and meet 
together at a point N’ where the line producing the radius OA' 
meets the base circle. 

Theorem XXI : From any point N’ on the base circle of 
a five-cuspidal hypo-cycloid five normais can be drawn to the 
curve, four of which form two pairs of perpendicular lines and 
the fifth one is parallel to the fifth tangent to the hypo-cycloid 
drawn from the point A’ where the line joining N’ with the cen¬ 
tre, after being produced, meets the inscribed circle. 

Theorem XXII : The length of the 5th normal N’ M’’ 
drawn to a five cuspidal hypo-cycloid from a point N’on its base 
circle is equal to the length of the 5th tangent from the point M 
defined in the Theorem XXL 

Theorem XXIII : If from two diametrically opposite póints 
A,B onthe inscribed circle of a five-cuspidal hypo-cycloid, pairs 
of perpendicular tangents be drawn to the curve, the directions 
of the four equi-angular tangents from A can be obtained from 
4hose corresponding to B by a rotation of 22.5“. 

Theorem XXIV : If from two diametrically opposite points, 
A, B on the inscribed circle of a five-cuspidal hypo-cycloid, 
tangents be drawn to this curve, the 5th tangent from one point 
is perpendicular to the 5th tangent from the other point. 

Theorem XXV: If from two diametrically opposite points 
A, B on the inscribed circle of a five-cuspidal hypo-cycloid, equi- 
-angular tangents be drawn to this curve,^/the mid-points of the 
lines (Mx M”i), (M3 ¥”3), (Ma M”a), (M^ M”* ), joining 
the contact points of the corresponding tangents of the congru- 
ent pairs from A, B, lie together on a circle conce,ntrical to the 
inscribed circle with a radius 4Rsin22.5.°. The midpoints of 
the lines (M, M^), (M^ M”x), (Mx M”^) ... joining the 
contact points of a tangent from A and another from B _( other 








26 BOLETIM DO INSTITUTO MENEZES BRAGANÇA 

than the previously mentioned) lie together on a concentrical 
circle witli radius 4Rcos22.5.°. 

Theorem XXVI The assymptotic directions of the polar 
reciprocai curve of a five-cuspidal hypo-cycloid are perpendi¬ 
cular to its cuspidal tangents, and their distances from the cen- 

9R 

tre are equal to * 

Theorem XXVH: A five-cuspidal hypo-cycloid possesses 
five bi-tangents which are perpendicular to the cuspidal tangents 
and their distances to the centre are equal to 3R/2. 

Theorem XXVIII: The polar reciprocai curve of a five- 
-cuspidal hypo-cycloid with respect to its inscribed circle pos^ 
sesses five double points (crunodes) situated on its cuspidal 
tangents at a distance from the centre equal to 6 R. 

Theorem XXIX; The sum of reciprocais of the radii-vectors 
of two points of the polar reciprocai curve of a five-cuspidal 
hypo-cycloid, corresponding to any pair of perpendicular 
tangents drawn to the curve from a point A on its inscribed cir¬ 
cle, is equal to the reciprocai of square of the radius of this circle, 

Theorem XXX; The radius-vector of a point P on the po¬ 
lar reciprocai of a five-cuspidal hypo-cycloid with respect to its 
inscribed circle is perpendicular to the corresponding tangent 
to the hypo-cycloid, 

Theorem XXXI: The sum of squares of radii-vectors of 
the contact points of any pair of perpendicular tangents to a fi¬ 
ve-cuspidal hypo-cycloid drawn from a point A on its inscribed 
circle is equal to 34 times the square of the radius of its rolling 
circle. 

Theorem XXXII: If (ti, ts) form a pair of perpendicular 
tangents to a five-cuspidal hypo-cycloid drawn from a point 
A on its inscribed circle and (ta,tj form the second pair 
of perpendicular tangents from the same point, the mid-poÍnts 
■Qi, Qa of the couples of points (Pi, Pg) and (?„ P^) corres- 
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ponding to the first and second pairs on the polar reciprocai, 
describe a common locus given by the cartesian equation. 
x(x' + 5y^-10x2/) = 3R(x^+/)'. 

Theorem XXXIII: The locus of the mid-point Q of the 
points Ql, Q2 defined in the theorem XXXII is the same as the 
symmetrical curve with respect to the ordiiiate axis of the polar 
reciprocai of the given hypo-cycloid itself. 

Theorem XXXIV : If from any point A on the inscribed cir¬ 
cle of a five-cuspidal hypo-cycloid all the five tangents are drawn 
to the curve, the corresponding points Pi, P^, Pg, P 4 , P^, of its 
polar reciprocai with respect to the inscribed circle lie together 
on a single straight line which is tangent to that circle at A. 

Theorem XXXV: The lines joining Qi, or Qa, defined in 
Theorem XXXII with the centre are parallel or perpendicular 
to the radii-vectors of the second point where the equi-angular 
tangents mentioned in the same theorem raeets the inscribed 
circle. 

Theorem XXXVI: The radii-vectors of the two points 
(Pi , P 3 ) or (Pa, P 4 ) on the polar reciprocai curve of a five^ 
-cuspidal hypo-cycloid which correspond to a pair of perpendicu¬ 
lar tangents to this curve drawn from a point A on its inscribed 
circle, are the right angle sides of a triangle, the hypotenuse of 
which is the line joining the two points. 

Theorem XXXVII: Any pair of perpendicular tangents 
(t„ tg) to a five-cuspidal hypo-cycloid drawn frorri a point A on 
its inscribed circle is harmonically conjngate to the second pair 
( ti té) of perpendicular tangents from the same point. 

Theorem XXXVIII: The points Pj Pa of the polar recipro¬ 
cai curve of a five-cuspidal hypo-cycloid corresponding to a pair 
of perpendicular tangents drawn, from a point of its inscribed 
circle, divide harmonically the pair of points Pa of the same 
curve corresponding to the second pair of perpendicular tangents 
drawn from the same point, 
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Theorem XXXIX: The point of intersection P”x of the 
tangents to the polar reciprocai curve of a five-cuspidal hypo- 
-cycloid, corresponding to the contact points of apair of perpen¬ 
dicular tangents drawn to this curve from a point A on its ins- 
cribed circle and the similar point P”a corresponding to the se- 
cond pair of perpendicular tangents, describe together a single 
locus which is similar to the curve described by the points 
Qi, Q;j defined in Theorem XXXII, differing from it by the 
change of R into 3R. 

Theorem XL: The points P”i, P”.^ defined in Theorem 
XXXIX lie respectively on the lines joining the centre of the 
hypo-cycloid with the points Qi, Qa mentioned in the same 
Theorem. 

Theorem XLI: The evolute of a five-cuspidal hypo-cycloid 
is another similar curve that can be obtained from the given 
hypo-cycloid by a rotation of 36. and a change of R into R. 

TheoremXUl ; The locus of the mid-point Tj of the poles 
of two normais to a five-cuspidal hypo-cycloid at the contact 
points M, M ’3 of a pair of perpendicular tangents drawn from 
a point A’ on its inscribed circle is a similar curve to the locus 
of the mid-point Qi pf the points Pi, P 3 of the polar reciprocai 
curve of the hypo-cycloid corresponding to the given tangents, 
but differing from it by the change of R into B and by a sym- 

metry with respect to the centre or a rotation of 36°. 

Theorem XLIII : The reciprocai polar curve of the evo- i 

lute of a five-cuspidal hypo-cycloid with respect to its inscribed 
circle is a curve similar to the reciprocai polar curve of the 
given hypo-cycloid, but differs from it by a rotation of 36° and 
a change of R into 3/5R. 

Theorem XLIV : The tangents to the reciprocai polar cur^ 
ve of the evolute of a five-cuspidal hypo-cycloid at the points 
T, T3 corresponding to the normais at the contact points ]y[,M3 
of two perpendicular tangents to the given hypo-cycloid, drawn 
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from a point A on its inscribed circie, meet together at a point 
T’h which describes as locus a curve similar to the locus of the 
point Qi defined in Theorem XXXII, but differing from it by 
the change of R into ( 9/5 R) 

Theorem XLV : The line joining the poles T, T' of a pair 
of perpendicular normais to a five-cuspidal hypo-cyloid drawn 
from a point N' on its base circle is tangent to a concentrical 
circle with a radius 9/5 times greater. 

Theorem XLVI : The line joining the poles P, P3 of a pair 
of perpendicular tangents to a five-cuspidal hypo-cycloid drawn 
from a point A’ on its inscribed circle is parallel to the line joi¬ 
ning the poles T, T 3 of the respective normais and is situated 
to the other side of the centre, at a distance 5/3 times greater. 

Theorem XLVII: The line joining the centres of curvatu- 
re of a five cuspidal hypo-cycloid at the contact points M, M ’3 
of a pair of perpendicular tangents to the curve, drawn from 
a point A’ on its incrlbed circle, is parallel to the chord M, M ’3 
of the contact points and is situated to the other side of the 
centre, at 5/3 distance from this point. 

Theorem XLVIII; From any point A’ on the inscribed 
circle of five-cuspidal hypo-cycloid, two pairs of perpendicular 
tangents ( t’], t’ 3 ), (t’ 2 , t’.i) can be drawn to the curve and 
a pair of perpendicular tangents can be drawn to a, concentrical 
circle with a radius V 2 times sraaller. Thelatter pair is such 
that, by its rotation of 5/2 times the parameter of one of the-- 
contact points added to 45'^, 135°, 225“, 315°, the odd order 
pair (t’i, t ,3 ) can be obtained, whereas, by its further rotation 
of 45° , the even order pair can be obtained. 

TheoremXLlX : The radius of curvatureof a five-cuspi¬ 
dal hypocyloid) at any point M, is equal to the product of 16/3 R 
by the sine of the angle made by the tangent at that point with 
the radius of the base circle to the contact point Ai of the rol- 
ling circle in its position corresponding to M. 
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Theorem L : The sum of squares of radii of curvatare of a 
five-cüspidal hypo-cycloid at the contact points M, M’g of a pair 
of perpendicular tangents, drawn from a point A’ on its inscribed 
circle, is equal to ^ times the square of radius of the rolling 

circle. 

Theorem LI : The radii of curvature of a five-cuspidal hy¬ 
po-cycloid at the contact points of a pair of perpendicular tan¬ 
gents drawn from a point A’ on its inscribed circle are such that 
one of them is equal to the sum and the other to the difference 
of the radii of curvature at the contact points of the other pair 
of perpendicular tangents from the same point. 

Theorem LII: The sum of square of the product of the 
radii of curvature of a five-cuspidal hypo-cycloid at the contact 
points MjMh of a pair of perpendicular tangents drawn from 
a point A’ on its inscribed circle, with the square of similar pro¬ 
duct corresponding to the second pair of perpendicular tangents 
drawn from the same point A’ is equaLto the square of 11® R. 

Theorem LIII: Given any pair of perpendicular tangents 
to a five-cuspidal hypo-cycloid drawn from a point A’ on its 
inscribed circle and a pair of normais at their contact points 
M, M ’3 the 5th tangent drawn from A’ and the 5th normal 
drawn from the point N’ where the two normais meet together, 
are such that the sum of squares of the radii of curvature at the 
contact point M’ of the former and at the foot M” ’ of the latter 
is equal to ^ 

Theorem LIV: The length of any normal to a five-cuspidal 
hypo-cycloid drawn from a point N’ on its base circle is equal 
to 3/2 times the radius of curvature at the foot of the normal, 
the length of the normal being measiired from N’. 

Theorem LV: The pedal curve of a five-cuspidal hypo- 
-cycloid with respect to its centre is an alongated hypo-cycloid 
(hypo-trochoid) generated by a circle with a radius 3/8 R rolling 
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inside another circle of radius íive times greater, the generating 
point being at a distance from the centre of the rolling circle 
equal to íive times its radius. 

Theorem LVI: The radius-vector of a point on the reci¬ 
procai polar curve of the evolute of a five-cuspidal hypo-cycloid 
is perpendicular to the radius-vector of the corresponding point 
of the reciprocai polar of the given hypo-cycloid. 

Theorem LVII: The tangent of the angle made by the 
tangents to the polar reciprocai curve of a five-cuspidal hypo- 
•cycloid corresponding to the contact points M,M '3 of a pair of 
perpendicular tangents to thís curve, drawn from a point on its 
inscribed circle, varies proportionally to the sine of 5 times the 
parameter of these contact points, between its maximum of 8/15 
and the minimum of-8/l5. 

Theorem LVIII; The length of a five-cuspidal hypo-cy¬ 
cloid is equal to 32 times the radius of its rolling circle. 

Theorem LIX: The area comprized within a five-cuspidal 
hypo-cycloid ís equal to 12 times the area of its rolling circle. 

Theorem LX: The intrinsic equation of a five-cuspidal 
hypo-cycloid is 9 r^ »5 s (32 R-5 s) where r js the radius of 
curvature and s is the length of are measured from a cusp. 

Theorem LXI; The five-cuspidal hypo-cycloid possesses 
the following Pluekerian characteristics: Order=8 ; class-5 ; 
number of double points = 12 ; number of bi-tangents = 6 ; 
number of stationary points=9; number of stationary tangents 
=0. Its deficiency is equal to zero, since the curve is unicursal. 

Theorem LXII: The intrinsic equation of a five-cuspidal 
hypo-cycloid, if its arc length is measured from a vertex (point 
of minimum radius-vector), is 9 r'* =256 R* -25 s“; where r is 
. the radius of curvature and R is the radius of the rolling circle. ^ 
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Theorem LXIII; The diífereiitial equation, in iiitensic 
coordinates, of the family of five-cuspidal hypo*cycloids, is: 

dr 9r^-~25s' 

--j where r is the radius of curvature and s 

ds 18 r s 

is the length of arc measured froin a cusp. 

Theorem LXIV: The diíferential equation, in intrinsic 
coordinates, of a family of five-cuspidal hypo-cycloids, when the 
arc length is measured from any point of the curve, is: 

.d ( /dr\M 

“ rM 25 + 9 — = 0 , where r is the radius of cur- 

ds (, \ds / J ^ vature. 

The best approach for finding the differential equations 
of such curve is to start with its intrinsic equation, since in such 
circustances the number of available parameters is the minimum. 
This number will be 2 for a hypo-cycloid or epi-cycloid, namely, 
the radius of its rolling circle and the arc length corresponding 
to a cusp. In case of central conics, the number of parameters 
is 3, namely the lengths of the semi-axes and the are length cor¬ 
responding to a vertex. Therefore, the differential equation 
of a hypo-cycloid, in intrinsic coordinates, when the origin of arc 
is kept árbitrary, must be of the second order, as it is seen from 
theabove equation. On the otherhand if a cartesian coordi- 
nate system be adopted for reckoning a hypo-cycloid or epi-cy- 
cloid, it is natural that the order of its differential equation will 
be four. This can be seen, either by considering the expression 
of the radius ot curvature which is of second order in derivati- 
ves, or by direct counting of the parameters which are four in 
number, say the two coordinates of the centre, the angle defining 
the direction of a cuspidal tangent taken as initial and the radius 
of its rolling circle (size pararaeter). 

After long calculations which are developed in a paper to be 
séht to an Academy of Sciences, differential equations in a car* 
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tesian coordinates ha ve been found by me for the most general 
case of m-cuspidal hypo and epi-cycloids. For the case of a 
five-cuspidal hypo-cycloid, the result is as follows: 

Theorem LXV : The differential equation, in cartesian 
coordinates, of the most general family of íive-cuspidal hypo-cy¬ 
cloids is: 

d '( Hy’^)^ j' g / (l-fy’%’’’ \ 2] - 

The study of dif. equations is considered as diíiicult in 
raathematical analysis and yet it is of utmost importance, not 
only for pure mathematicians, but also is many applied Sciences 
including Engineering, So, it is but natural that whenever we 
succeed to solve or integrate a Dif. Equation which is not of 
a few standard types, we feel enormous satisfaction, as I did 
while integrating this and other Dif. equations of hypo and epi- 
-cycloids including the most general ones, i.e. m-cuspidal curves* 
The solution of such equations has been shown in my paper to 
be published shortly. 

Theorem LXYl: The point of intersection P”i of the 
tangents to the reciprocai polar curve of a five-cuspidal hypo- 
■cycloid at the points Pj, Pg corresponding to a pair of perpen¬ 
dicular tangents to the hypo-cycloid drawn from a point A’ on 
its inscribed circle, lies on a perpendicular line to the radius 
of A’, at a distance equal to 3 times the radius from the centre 
and to the opposite side of this point with respect to A’. The 
line joining that point Pi” with centre makes with the diameter 
of A’, an angle equal to 5 times the pararaeter of the contact 
point M of one of the perpendicular tangents augmented 
byQO", 

Theorem LXVIl: The point P’T and the similar point P”a 
corresponding to the second pair of perpendicular tangents to 
a dve-cuspidal hypo-cycloid lie together on a line perpendfçqlar 
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to the diameter of its inscribed circle through A’. The lines 
joining the two points P”i, P ”2 with the centre are perpen¬ 
dicular. 

Theorem LXVIII: If A’ 8 , A\ are the points of intersection 
of each tangent of a pair of perpendicular tangents to a íive- 
■cuspidal hypo-cycloid with the corresponding tangents to its 
polar reciprocai curve, the mid-point Fi of A ’8 A’i lies on a 
circle concentrical to its inscribed circle with a radius equal to 
1/5 that of this circle. This point Fi lies on the line joining 
the centre with the point of concurrence A’ of the perpendicular 
tangents of the pair and represents the Fregier’s point of Pas- 
caTs circuna-inscribed ellipse defined in Theorem LXXII, for 
the point A\ 

It will not be out of place to remind that Fregier’s point 
for an ellipse with respect to a given point M of the curve is the 
point where all the chords seen at 90° from the point M meet 
the normal at that point. 

Theorem LXIX: The line joining the points A’ 3 , A’i defi’ 
ned in Theorem LXVIII is parallel to the line joining the con- 
tact points M, M'g of a pair of perpendicular tangents to the 
five-cuspidal hypo-cycloid drawn from a point A’ on its inscribed 
circle and its length is equal to 8 /5 times the radius of this 
circle. 

Theorem hXX : If M, M ’3 are the con tact points of two 
perpendicular tangents to a five-cuspidal hypo-cycloid drawn 
from a point A’ on its inscribed circle, Pi, Pu are the correspon¬ 
ding points, on its reciprocai polar curve and P"i is the point 
^here the tangents at Pj, P 3 meet together, all the three points 
of intersection of the couples of lines (Pi P”i, A’]VI), (Pü P”i , 

) and ( Pi. Ps , MMb) lie on a single line. 

This line will be called Brianchon^s line. 

Theorem LXXI: If M, M’s are the contact points of a 
pair of perpendicular tangents to a five-cuspidal hypo-cycloid 
drawn from a point A’ on its inscribed circle, Pi , Ps , the cor- 
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respoüding points on its polar reciprocai curve and A ’ Pi” are 
the points of intersection of that pair and of the tangents at' 
Pi , Ps , respectively, all the three lines A’P”i, MPs, M’3 Pi 
meet together at a single point Bi . 

This point will be called Brianchon’s point. 

Similarly, there will be another Brianchon’s point as well as 
a line for the second pair of perpendicular tangents drawn from 
the point A’. 

By adopting a process entirely analogous to that explained 
in my previous paper on tri-cuspidal hypo- cycloids, two PascaPs 
circum-inscribed and two PascaPs inscribed ellipses are defined 
as under for five-cuspidal hypo-cycloids. 

Theorem LXXII: Any pair of perpendicular tangents A’ M, 
Â’ M ’3 to a five-cuspidal hypo-cycloid drawn from a point A’' on 
its inscribed circle, their conjugate pair of tangents Pi P”i, Ps 
P”i to its polar reciprocai curve and the line M M’g joiningthe 
contact points of the perpendicular tangents, form a pentagon, 
the circum-inscribed conic to which, is an ellipse tangent tó the' 
line Pi Pg joining the contact points on the polar reciprocai, 
at the vertex A’of the given perpendicular tangents. 

This ellipse will be called PascaPs circum-inscribed ellipse' 
for the given pair of perpendicular tangents. 

TheoremLXXlll : To every point A’ on the inscribed cir- 
cumference of a five-cuspidal hypo-cycloid, there correspond two 
PascaPs circum-inscribed ellipses ej, Ca each corresponding to a 
pair of perpendicular tangents drawn from A'to the hypo-cy 
cloid. 

Theorem LXXIV; PascaPs ellipses of both kinds Ci, ej cor¬ 
responding to all the points A’ on the inscribed circle of a,five- 
cuspidal hypo-cycloid, possess a chord of constant length 
A\ A’i, as known by Theorem LXIX and its mid-point is the. 
Fregier’s point of the ellipses with respect to A’. 

TheoremLXXV'. The two PascaPs circum-inscribed ellip¬ 
ses Cl, ea corresponding to any point A’ on the inscribed circle of 


L 
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a five-caspidal hypo-cycloid, meet together at two points Ii, Ij' 
other than A’, where the eJlipses are tangent and these points 
are snch that their joins with A' are two perpendicular lines. 

Theorem LXXVI: The angle made with the central line 
through the point A’ on the inscribed circle of a five-cuspidal 
hypo.cycloid by the line joining the points referred to in 
iheoretn LXXV is such that its trigonometrical tangent varies 
proportionally withcotangentof 10 times the parameter of any 
of the contact points of the perpendicular tangents drawn to the 
hypo-cycloid from the point A’, the constant of proportionalitv 
being-30/31, ^ 

Theorem LXXVII: The contact points M, M’ 3 of a pair 
of perpendicular tangents to a five-cuspidal hypo-cycloid drawn 
irom a point A’ on its inscribed cjrcle, the corresponding points 

, Fs ot Its polar reciprocai and the point P”i where the tan- 
gents, at Pi , h meet together, when joined by pairs MPi 
Pi Pa, Pa M ’3 , M’a P”,, P-', M form the five sides of a pen’ 
tagon, the inscribed conic to which is an ellipse e. tangent to the 
Jme Pi , Ps at the point A’ where the two perpendicular tangents 
meet together. Similarly, a second ellipse e ’2 can be derived from 
the second pait of perpendicular tangents. These two ellipses 
will be calledPascahs inscribed ellipses and represent polar 
reciprocai of Pascafs circum-inscribed ellipses with respect to 
the inscribed cifcle. ^ 

^ Theorem : The two PascaPs inscribed ellipses 

e> ,62 corresponding to the pairs of perpendicular tangents 
crawn from a point A' on the inscribed circle of a five-cuspidal 
hypo.cycloid meet together at two points J,, J, other than A’ 
where they are tangent, and these points are snch that the tri- 
gonometncal tangent of the angle made by their join with the 
central hne through A’ is equal to 25/24 of the cotangent of 
10 times the parameter ot the contact point of any tangent. 

TWuw LXXIX: The sum of squares of two sides MM’, 

M 8 M of variable lengths of the triangle MM’3 M’ formed by 
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the contact points of a set of perpendicular tangents and 
that of the non-perpendicular tangent (5th tangent) that can 
be traced to a five-cuspidal hypo-cycloid from a point ,A’ on its 
inscribed circle, varies between its maximum of 104 R® and mi- 
nimura of 64 . 

Theorem LXXX: One of the involutes of a five-cuspidal 
hypo-cycloid is a similar curve to its evolute, diífering from it 
only by the radins of its rolling circle which is 25/9 times that 
of the evolute. 

Theorem LXXXI: The point of intersecion of the Brian- 
chon’s lines corresponding to the two sets of perpendicular tan¬ 
gents that can be drawn to a five-cuspidal hypo-cycloid from 
a point A’ on its inscribed circle, lies on a perpendicular to the 
central line through this point, at a distance from the same 
equal to 4 times the radius of the rolling circle. 

Chapter U 

Properties of single-cuspidal epi«cycloids or cardioids 

Definitions: Epi-cycloid is a curve generated by a point on 
a circuraference which rolls, without sliding, on the outer peri- 
phery of another circle. The latter is called base-circle or fixed 
circle and the former is the rolling circumference, 

In the present paper we shall consider only the cases in 
which the radius of the base circle is a multiple of that of the 
rolling circle and shall, thus, have the following types of epi-cy- 
cloids, according as the ratio of the latter radius to the former 
is equal to 1 , 1/2, 1/3, 1/4 etc. 

i) Single cuspidal epi-cycloids, or cardioids; 

ii) Bi-cuspidal epi-cycloids; 

iii) Tri-cuspidal epi-cycloids; 

iv) Four-cuspidal epi-cycloids. 
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Properties of the curves of items i), i i), i i i), iv) will 
be studied successively in this Chapter and in the Chapters 111, 
IV and V. 

The cardioid which owes its designation to its shape like a 
heart has been studied in Mathematics under several viewpoints. 

There is a class of quartics known as bi*circular curves of 
fourth order which admit of two imaginary points at infinity cal- 
led cyclic points, as double points. Among these curves there is 
a sub- class of those for which the cyclic points are cusps and they 
are known as Cartesian Ovais, because they were studied, for the 
first time, by Descartes in his Anaíytical Geometry published in 
1637. A particular case of such ovais constituted object of study 
•by Pascal and had, therefore, received the name of PascaPs Li- 
maçon ( snails ) which possesses a real double point at finite 
distance, besides the two cyclic points where it has two imagi- ' 
nary cusps. 

As a further particular case of PascaPs Limaçoo, we have 
the cardioid for which the double point at finite distance chan- 
ges into a third cusp. 

Some of the members of the audience who are not accusto- 
med to the mathematical concepts of infinity and imaginary ele- 
ments, will find it extraordinarily amazing to hear that the heart 
shaped curve which is exposed on the blackboard, before you, 
has three cusps, whereas only one is visible. 

The secret of such intricacy can be understood only after 
considering the improper and imaginary elements with which 
mathematicians deal very frequently. 

I shall try to give some very elementary hints about such 
elements, addressing my apologies to those of you who are fami¬ 
liar with mathematics. 

For understanding most elementarily what is a point at in¬ 
finity on a straight line, we can consider a circumference, the 
radius of which is increasing indefinitely. When the radius 
tends to infinity, the portion of the circumference which is dose 
to us will be ultimately looked upon as a straight line and it will 
not be difficult to conceive its antipodal portion as a point touch- 
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ing the infinitely large sphere which represents the geometrical 
boundary of the space. Every straight line will, thus, have a 
single point at infinity, in whatever direction it may be produced, 
and'this point will be the same for the entire family of parallel 
lines with a given direction. 

Now, for accounting for all the points at infinity on a plane, 
we need not consider but all the lines concurring at a point 
and we shall, thus, imagine a single improper line on that plane 
as a locus of the points at infinity of all the concurrent lines 
situated on that plane. 

The idea of imaginary liumbers is perhaps more difficult 
to be understood without a special study, but a notion of such 
numbers is now-a-days familiar to every student, even in 
secondary schools. 

I may only remind, in this respect, that the concept of 
imaginary quantities in Mathematics has evolved as a result of 
the principie of generalization which is so important for build- 
ing, not only this Science, but also many theories of Natural 
Philosophy. In the particular case which interests us at pre- 
sent, we can explain this principie, as applied to the creation of 
new kind of numbers, in the following terms. 

Assuraing that we are well acquainted with such numbers 
as integers, fractions and irrational numbers and that respective 
equality or inequality conditions and operations are well 
established, we confront with cases of impossibility of carrying 
out some operations with such nuthbers. 

We have, thus, to face a dilemma; either to give up the 
handling of such exceptional cases or to surpass the barrier by 
creating a new class of numbers, The history of Sciences tea- 
ches us that it is by opting to the second alternative that the 
progress of scientific knowledge is achieved. So, in the particu¬ 
lar case of imaginary numbers, the mathematicians, after long 
series of controvérsias and discussions, decided to generalize the 
notion of numbers by postulating that instead of repre- 
senting an absurdity in mathematics, would play its role and they 
started to devise rules for equality, inequality, and operations of 
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the new numbers called complex quantities where the above 
imaginary unit is represented by the symboI i, subject to the 
condition that its square would be—1. The guiding principie 
adopted in such generalized rules is that of permanence of 
calculation rules, formulated by Haenckel which requires that 
the operations performed with the new numbers shall lead to the 
same result as that which is obtained through similar operations 
on the previously known numbers, whenever the complex quan¬ 
tities are reduced to the real ones, in particular cases. 

Very important, indeed, was the contribiition of complex 
numbers for the progress in the domains of algebra and analysis, 
but the mathematicians, not satisfied with it, introduced the new 
concept in geometry, by considering imaginary points, lines or 
other entities and new horizons were, by íhis way, opened to 
geometry towards the systematization of its study. 

For instance, in the case which interests us at this moment, 
we can conceive two imaginary lines through the origin of the 
coordinate axes, raaking, so to say, such angles with the abscissa 
axis that their trigonometrical tangents be ± i. These lines are 
called isotropic lines and their points at infinity are the cyclic 
points referred to earlier in this paper. 

With some indulgence of the members of the Literary 
Section of this Institute, I would venture to State that, Mathe- 
matics is perhaps a compartment of human knowledge wherein 
the fiction can lead, better than in any other, with possible 
exception of poetry, to substantial progress in real matters. 

Resuming again the main topic of to-days talk, which was 
interrupted by a theoretical digression, I am going to read some 
results of my study on cardioids, considered as a single-cuspidal 
epi-cycloid, including a few of the well known propositions, 
for the sake of clearness in explanation. 

Theorem I: The tangent to a cardioid at a point M passes 
through the contact point A of the corresponding rolling circle 
Àyith its circum-circle and makes with its cuspidal diameter an 
angle equal to 3/2 times the parameter of M. 
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Theorem II; From any point A on the circum-circle of 
a cardioid, three tangents can be drawn to the curve, two of 
which are perpendicular to each other. 

The non^perpendicular tangent will be henceforth called 
the 3rd tangent. 

Theorem III: If from a point A on the circum-circle of a 
cardioid two perpendicular tangents are drawn to the curve, the 
raid-point Mo of their contact points Mj, M,, coincides with the 
contact point of the rolling circle with the base circle and des- 
cribes, therefore, this circle. 

Corolary : The linejoininga point A on. the circum-circle 
of a cardioid with its centre is a median of the triangle formed 
by the pair of perpendicular tangents from that point A to the 
curve and by the chordof their contact points Mj, Mj. 

Theorem IV : The line joiningthe contact points Mi, M, 
of a pair of perpendicular tangents drawn to a cardioid from a 
point on its circum-circle passes through the cusp of the curve 
and is parallel to the radii of the contact points of the rolling 
circle in its positions corresponding to Mj and Ma with the base 
circle. 

Theorem V: If from the set of three tangents drawn to a 
cardioid from a point A on its circum-circle, the non-perpendi- 
cular tangent is;produced, it will meet again that circle at a 
point Á’ which is diametrically opposite to the point on the 
circle corresponding to double the angle made by the radius of 
A with the radius to the cusp of the cardioid. 

Theorem VI: Any tangent to a cardioid meets its circura- 
■circle at two points A, A’ such that,the given tangent is a non- 
“perpendicular tangent drawn to the curve from one of the points, 
whereas it pertains to a set of perpendicular tangents drawn 
from the other point and the angle made by the non-perpendi- 
cular tangent from this point with the given one is complemen- 
tary to the angle of this line with the cuspidal tangent. 
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TheoremVII:' The distance between the contact points 
Ml, Ma üf the .t:wo perpendicular tangents that can be drawn 
to a cardioid frotn any point A on its circum-circle is constant 
and equal to 4 times the radias of the rolling circle that genera- 
tes the curve. 

This theorera may also be stated in the following alterna- 
tive way: 

Theorem VII: (alternative): Any chord (focal chord) of 
a cardioid passing through its cnsp is of constant length 4R and 
its extremities are the contact points of a pair of perpendicular, 
tangents drawn from a poinc A on its circum-circle. 

. Theorem VIII: The non-perpendicular tangent AM drawn 
to a cardioid from a point A on its circum-circle makes with the 
line MiMa, joining the contact points of the perpendicular tan¬ 
gents f.rom.^the same point, an angle equal to the complementa- 
íy oftheparameter corresponding to the contact point of the 
same non-perpendicular tangent. 

Theorem IX :,If the rolling circle of a cardioid is thought 
of as rolling inside its circum-circle, instead of rolling, as it does,' 
on the outer periphery of the base circle, it will generate a tri- 
•cuspidal hypo-cycloid, the distance of whose general point to 
the cuspidal tangent of the cardioid is the same as that of a 
point pf this curve corresponding to the same parameter. 

Theorem X: The length of each tangent from a pair of 
perpendicular tanggnts drawn to a cardioid from a point A on 
its circum-circle, is equal to the product of four times its radius 
of rolling circle by the cosine of half the parameter of its,contact 
point, the length being measured from A. 

Theorem XI; The length of a non-perpendicular tangent 
AM drawn to a cardioid from a point A on its circum-circle is 
equal to the product of diameter of the rolling circle by the co¬ 
sine of half the parameter of its contact point M. 
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Theorem XII: The portion of a tangent to a cardioid 
comprised withiii its circum-circle is equal to the product of thrice 
the diameter of the rolling circle by the cosine of half the para¬ 
meter of its contact point. 

Theorem XIII; The sum of the perpendicular tangents 
AMi and AM 2 that can be drawn to a cardioid from a point A 
on its circum-circle is equal to the product of 2VTby the rion- 
-perpendicular tangent, all the lengths of tangents being mea¬ 
sured from A. : 

Theorem XIV: The rolling circle that generates a cardioid' 
bisects the two perpendicular tangents drawn to the curve from 
the contact point A of that circle with the circum-circle and re¬ 
presenta the nine-point circle of the triangle formèd by the per-- 
pendicular tangents and the chord joining théir'contact'points 

Ml,Ma. ■ ■ 

Theorera XV: The normal at any point,M of a cardioid 
passes through the contact point C of the rolling. circle that ge-' 
nerates the curve with its base circle. This is a common pro- 
perty to all curves known as roulettes, as are theiiypo and epi- 
-cycloids. . . 

' Theorem XVI: The normais at the contact points Mi M^ of. 
two perpendicular tangents to a cardioid drawn from a point A 
on its circum-circle, are obviously perpendiculáriand raeet.toge. 
ther at .the point N of its base circle whick is diametrically oppo-.' 
site to its contact point with the rolling circle. This pointíN is - 
the instantaneous centre of the chord Mi Mj of constant length, 
iii its motion when A describes the circum-circié:' *' ■ ' 

, Theorem XVII; From any point N on the base circle of' 
a cardioid three normais can be drawn to the curve, two of which 
will be perpendicular and the third one is parallel to the non-' 
■perpendicular tangent traced to the cardioid from the pojnt A 
where the line joining the point N with,the centre meets' the 
circum-circle. ■ " ■ '' * 
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Theorem XVIII : The length of the non-perpendicuhr 
normal N N’ that can be traced to a cardioid from a point N 
on its base circie is equal to the length of the non-perpendicu- 
lar tangent AM drawn from the point A where the join of N 
and the centre meets the circum-circle. 

Theorem XIX: The angle of the diagonais of the rectan- 
gle formed by the two perpendicular tangents to a cardioid 
drawn from a point A on its circum-circle and by the corres- 
ponding normais NMi, NMa is complementary to half the 
parameter of the contact point M of the non-perpendicular tan¬ 
gent from the same point A. 

Theorem XX : If, from two diametrically opposite points 
A, A” on the circum-circle of a cardioid, two pairs of perpendi¬ 
cular tangents are drawn to the curve, the directions of one pair 
are the same as those of the bisectors of the other pair. 

Theorem XXI: If, from two diametrically opposite points 
A, A” on the circum-circle of a cardioid, two pairs of perpendi¬ 
cular tangents are drawn to the curve, thefour mid-points of the 
lines joining the contact points, MiMa of one pair withany of 
the mid-points of the contact points M’iM’a of the other pair 
lie together on a circie concentrical to and with a radius VT 
times that of the base circie. 

Theorem XXII; All the four mid-points raentioned in 
Theorem XXI are the vertices of a square inscribed in the circie 
on which they lie. 

Theorem XXIII: The sum of squares of reciprocais of the 
radiivectors of the two points P, P' of the polar reciprocai curve 
of a cardioid corresponding to two perpendicular tangents 
drawn from a point A on its circum-circle, is equal to reciprocai 
of square of the radius of this circie. 

Theorem XXIV : The sum of squares of the radii-vectors 
of the contact points of two perpendicular tangents to a cardioid 
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drawn from a point A on its circum-circle, is equal to ten times 
the square of the radius of the rolling circie. 

Theorem XXV : The line joining two points P, P’ of the 
reciprocai polar of a cardioid, corresponding to two perpendicu¬ 
lar tangents to this curve drawn from a point A’ on its circum- 
-circle, is tangent to this circie at the point A’. 

Theorem XXVI: The locus of the raid-point Q of the 
points P, P’ of the reciprocai polar corresponding to two perpen¬ 
dicular tangents to a cardioid, drawn from a point A’ on its 
circum-circle, is a line perpendicular to its cuspidal tangent at 
the point where it meets the circum-circle. 

Theorem XXVII: The radii-vectors of the points P, P’ of 
the reciprocai polar of a cardioid, corresponding to two perpen¬ 
dicular tangents to this curve drawn from a point A’ on its cir- 
CLim-circle, are the right-angle sides of a triangle, having as its 
hypotenuse, the line joining the points P, P’. 

Theorem XXVIII: The radius-vector of a point of the 
polar reciprocai curve of a cardioid with respect to its circum- 
•circle is perpendicular to the corresponding tangent to the 
cardioid, 

Theorem XXIX : The locus of the point of intersection P" 
of tangents to the polar reciprocai of a cardioid at the points 
P, P”, corresponding to two perpendicular tangents to this curve 
from a point A’ on its circum-circle, is a line perpendicular to 
its cuspidal tangent at a distance 9R from the centre; it is the 
assymptote of the reciprocai polar. 

Theorem XXX: The mid-point Q of the points P, P” of the 
polar reciproca] of a cardioid, corresponding to two perpendicu¬ 
lar tangents to this curve drawn from a point of its circum-cir¬ 
cle and the point of intersection P” of tangents at P, P”, lie on 
a line through the centre of the cardioid, having with the cuspi¬ 
dal tangent a slope equal to cotangent of the parameter of the 
contact point of one perpendicular tangent. 







46 BOLETIM DO INSTITUTO MENEZES BRAGANÇA 

, Theorem XXXI; The length of the bhtangent Bj per¬ 
pendicular to the cuspidal tangent of a cardioid is equal to the 
side of an equilateral triangle inscribed in its rolling circle. 

Theorem XXXII; The bi-tangent Bi Ba, its perpendicu¬ 
lar tangents and the tangent at the vertex of a cardioid form 
a circum-inscribed rectangle with one side equal to 9R and 
other side equal to 3RVT 

Theorem XXXIII: The foot of the non-perpendicular nor- 
.raal that can be drawn to a cardioid from a point N of its base 
circle coincides with the contact point M’ of the tangent pertain- 
ing to the same pair of perpendicular tangents as the one 
which represents the non-perpendicular tangent to the cardioid 
from the point A where the line joining the point N with the cen- 
ter meets the circum-circle. 

Theorem XXXIV: The evolute of a cardioid is another 
cardioid which can be obtained from the given curve, by a chan- 
ge of its R into R/3 followed by addition of 180“ to its parameter 
and a symmetry with respect to its center ( or with respect to a 
perpendicular tangent to the cuspidal tangent at the centre ) . 

Theorem XXXV : The radius of curvature of a cardioid 
at any point M is equal to the product of sine of half the para¬ 
meter of that point by 8/3 of the radius of its rolling circle; 

Theorem XXXVI: The sum of squares of radii of curva- 
dure of a cardioid at the contact points M,M’ of two perpendi* 
cular tangents drawn to it from a point A’ on its circum-circle 
is equal to 64/9 times the radius of its rolling circle. , 

Theorem XXXVII; The product of the radii of curvature 
of a cardioid at the contact points M, M’ of a pair of perpendi¬ 
cular tangents drawn to the curve from a point A’ on its circum- 
■circle is equal to 32/9 times the product of the radius of its 
rolling circle by the distance to the cuspidal tangent from the 
contaçt point of the base circle with the rolling circle, in its posi- 
tion corresponding to any of the contact points M, M’. 


. HYPÓ-CYCLOIDS AND EPICYCLOIDS 

Theorem XXXVIII; If a right angled triangle is such that 
its hypotenuse is 32R and one right angle side equal to 12 times 
the non-perpendicular tangent to a cardioid, drawn from a point 
A’ on its circum-circle, the other side is equal to 9 times the 
fourth proportional of the radius R of its rolling circle and 
the radii of curvature ‘‘M, ‘'M’, at the contact points M, M’, of 
á pair of perpendicular tangents drawn from the same point A’. 

Theorem XXXIX: The non-perpendicular tangent to a 
cardioid drawn from a point A" diametrically opposite to a 
point A on its circum-circle, coincides with the associated per¬ 
pendicular tangent from k\ corresponding to the non-perpendi¬ 
cular tangent drawn from A. 

Theorem XL : The line joining any point M of a cardioid 
with its cusp makes with the cuspidal tangent an angle equal 
to the parameter of M, and makes with the tangent at M half 
that angle, 

Theorem XLl : The caustic by reflection of a circular mir- 
ror with respect to a point source of light placed at the opposite 
extremity of its diameter through the vertex V, is a cardioid 
with center at the centre.of the mirror, with its cuspidal tangent 
along AV and radius of rolling circle equal to 1/3 of the radius 
of the mirror. 

Theorem XLII: If a segment PQ of constant length 4R 
moves, keeping its mid-poÍnt on a circle of radius R and passing 
through a given point C on the circumference, its extremities 
P, Q will generate a cardioid whose base circle is the given 
circle apd whose cusp is the point C. , 

Theorem XLII: The length of a cardioid is equal to 16 
times the radius of its rolling circle. 

Theorem XLIV : The area comprised within a cardioid is 
equal to 6 times the area of its rolling circle. 

Theorem XLV : The intrinsic equation of a cardioid is: 
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9 r® =s (16 R— s), where R is the radius of the rolling 
circie, r is the radius of curvature at a general point M and s is 
the length of arc measured from the cusp. 

Theorem XLVI : The intrinsic equation of a cardioid, 
when its vertex is taken as origin of arc length s, is: 9 r* =64 
R® — s®, where r is the radius of curvature and R is the radius 
of the rolling circie. 

Theorem XLVII: The differential equation of a cardioid, 
in intrinsic coordinates, when the arcdength is measured from 
its cusp is; 

dr 9r'-s* 

— =-, where r is the radius of curvature. 

ds 18 r s 

Theorem XLVIII: The differential equation, in intrinsic 
coordinates, of a cardioid is: 


d 




r“ • 

149 - 

ds 


i \ds/J^ 


where r is its radius of curvatu¬ 
re and s the length of its arc measur¬ 
ed from any point of the curve. 


Theorem LI: The reciprocai polar of the evolute of a car¬ 
dioid is similar curve to the reciprocai polar of the cardioid it- 
self, differing from it by an addition of 180 “ to the parameter, 
a change of R into 3R and by a symmetry with respect to centre. 

Theorem LII: The locus of the point of intersection of a 
pair of normais to the reciprocai polar of a cardioid at the con- 
tact points of two perpendicular tangents, drawn to this curve 
from a point on its circum-circle, lies to this left of its assymp- 
tote x=—f R and has its cartesian equation: 

2 X y2 4 3 R (y2 + 4 ) » 0 

Theorem LIII: Theangle formed by the tangents to the 
reciprocai polar curve of a cardioid corresponding to the contact 
points of perpendicular tangents to this curve, drawn from a 
point on its circum-circle, is such that its tangent varies sinusoi- 
dally with the parameter of one of those contact points between 
its maximum of 4/3 and minimum of-4/3. 

Theorem LIV; The Hessian curve of the reciprocai polar 
of a cardioid is a cubic with its real branch comprised between 
X = 5R and X = 9R and with the cartesian equation: 

( x2 4 y2 ) (X - 5R ) - 4R ( 2 X - 9 R ) 2 == 0 


Theorem XLIX : The differential equation of the most 
general family of cardioids is: 


(1+y’M^f / (l4y’2)y'-'« 

- 149 3y’- 

y»2 [ 1 y»>a 


Theorem LV: If As Ai, are the points of intersection of 
each tangent of a set of perpendicular tangents to a cardioid, 
with the respective tangent to its reciprocai polar, the mid-point 
of As Al lies on the circum-circle of the cardioid and is diame- 
trically opposite to the point of concurrence A’ of the two per¬ 
pendicular tangents. 


where y’, y”, y”’ are the derivatives of y of íirst, second and 
third orders with respect to x, respectively. 

Theorem L: The polar equation of the reciprocai polar of 

a cardioid, in explicit form, is r=3Rsec (^ 460 ) where r 
is the radius vector, 0 is the polar angle. 


Theorem LVI: The line joining the points Ai,As, deíined 
in Theorem LV is parallel to the line joining the contact points 
M, M’ of the two perpendicular tangents to the cardioid, 

Theorem LVII: Any pair of perpendicular tangents A’M, 
A’M’ to a cardioid drawn from a point A^ on its circum-circle, 

7 , ' , ■ ’ •■■■' ' 


k 
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their conjugate pair of tangents PP”, P’P” to its polar recipro¬ 
cai and the line MM’ joining the contact points on the cardioid, 
form a pentagon the circum-inscribed conic to which is an ellip- 
se tangent to the line PP’ joining the contact points on the reci¬ 
procai polar curve, at the vertex A’ of the perpendicular 
tangents. 

This ellipse will be called, as for hypo-cycloids, Pascars 
circum-inscribed ellipse. 

Theorem LVIII: The contact points M,M’ of two perpendi¬ 
cular tangents to a cardioid, drawn from a point A’ on its cir* 
cum-circle, the corresponding points P,P' on its polar reciprocai 
curve andthepointP”where the tangents atthese points meet 
together, when joined by pairs MP, PP’, P’M’, M’P’’ and P”M 
form the sides of a pentagon, the inscribed conic to which is an 
ellipse tangents to the line PP’ at the point A’ where the per¬ 
pendicular tangents meet together. This ellipse is reciprocai 
polar to that of the Theorem LVII. 

Theorem LIX : The distances from the cusp of a cardioid 
to the contact points Mi,Ma of a pair of perpendicular tan¬ 
gents drawn to the curve, from any point A on its circum-circle, 
are respectively equal to the distances from the opposite point 
to the tangent at A to the circum-circle. 

Theorem LX: If, from any point N on the base circle 
of a cardioid, a pair of perpendicular normais is drawn to the 
curve, the line through the feet of the normais Mi ,Ma is per¬ 
pendicular to the line joining N with the cusp of the cardioid. 

Theorem LXI: The radii of curvature at the contact 
points M, M’ of a pair of perpendicular tangents to a cardioid, 
drawn from a point A’ on its circum-circle,. are ínversely pro- 
portional to the lengths of respective tangents measured from 
their point of intersection A’ ”, each radius being 2/3 of the 
opposite tangent. 

Theorem LXII: If three tangents are drawn to a cardioid 
from â point A’ on its circum-circle, the difference of squares 
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of raddii of curvature at the contact points M,M’ of the perpen¬ 
dicular tangents is equal to the product of the radius of curva¬ 
ture at the contact point M” of the non-perpendicular fangent 
by 8/3 times the radius of the rolling circle. 

Theorem LXIII: Given a pair of perpendicular tangents 
to a cardioid drawn from a point A’ on its circum-circle, and the 
respective pair of normais at the contact points M,M’ of the 
tangents, the third tangent drawn from the point of intersection 
A’ of the tangents and the third normal drawn from the point 
N 1 where the two normais meet together are such that the sum 
of squares of the radii of curvature at the contact points of the 
former and at the foot of the latter is equal to 64/9 times the 
square of radius of the rolling circle that generates the cardioid. 

Theorem LXIV: The lengths of the non-perpendicular 
normal NiM’a and of the normal at the contact point M” of the 
non-perpendicular tangent mentioned in Theorem' LXII measu¬ 
red from their point of intersection Na to the corresponding 
foot are equal to 3/2 of the respective radii of curvature. 

Theorem LXV : Any tangent to a cardioid meets its cir¬ 
cum-circle at two points A,A’ which are such that the radius of 
the former makes with the cuspidal tangent an angle equal to 
the pararaeter of the contact point M of the given tangent, whe- 
reas the radius of the latter makes with the same line an angle 
equal to the double the parameter augmented by 180.° 

Theorem LXVI: The mid-point of the line joining the cen¬ 
tres of curvature S, S’ of a cardioid at the contact points M, M’ 
of two rectangular tangents, drawn from a point A’ on its circum- 
•circle, lies on the radius of the base circle through the point of 
intersection Ni of the respective normais and describes a circle 
concentrical and with 1/3 radius of the base circle. 

Theorem LXVH : The mid-point Ti of the line joining 
the poles T, T’ of the normais to a cardioid at the contact points 
M, Ml of two perpendicular tangents drawn from a point A’ on 
its circum-circle lies on a line parallel to its bi-tangent situated 
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to the other side of the centre, at a distance equal to 9 times the 
radius of the rolling circle. Jts join with the centre passes 
through the mid-point Q of the poles P, P’ of the tangents 
at M,M’. 

Theorem LXVIII; The tangents to the reciprocai polar of 
the evolute of a cardioid at points T, T’ corresponding to its 
normais at the contact points M, iVI’ of a pair of perpendicalar 
tangents to the cardioid drawn from a pointon its circum-circle 
meet together at a point T ” which lies on a parallel to its bi- 
-tangent, to the other side of the centre, at a distance equal 
to 27 times the radius of the rolling circle that generates the 
cardioid. The join of T ” with the centre passes through the 
mid-point Q of the contact points of perpendicular tangents at 
M, M’, as well as through the mid-point of T, T’. 

Theorem LXIX: The linejoining the poles T, T’ of a pair 
of perpendicular normais drawn to a cardioid from a point Ni 
on its base circle, is tangent to a circle concentrical to this circle 
and with its radius 9 times greater. 

Theorem LXX: The linejoining the poles P, P* of a pair 
of perpendicular tangents to a cardioid drawn from a point A’ 
on its circum-circle is parallel to the one joining the poles T, T' 
of the respective pair of normais and is situated to the other 
side of centre at a distance thrice greater. 

Theorem LXXI: The line joining the centres of curvature 
S, S’, of a cardioid at the contact points M, M’ of a pair of per¬ 
pendicular tangents drawn from a point A’ on its circum-circle 
is parallel to the chord MM’ and is situated to the other side of 
the centre, at 1/3 distance from this point. 

Theorem LXXII; From any point A’ on the circum-circle 
of a cardioid a pair of perpendicular tangents to the curve and 
another pair of pe^ndicular tangents to a concentrical circle 
with its radius V 2 times smaller can be drawn and these two 
pairs are süch that, one can be obtained from the other by a ro- 
tation of an angle equal to the excess of 45 ,", 135,°, 225.°, 315'^ 


over half the parameter corresponding to the contact point of 
one of the perpendicular tangents to the cardioid. 

Theorem LXXVI: All PascaPs circum-inscribed ellipses 
corresponding to pairs of perpendicular tangents drawn to a car¬ 
dioid from points on its circum-circle, possess a chord A 1 A 3 of 
constant length 2R and its mid-point which is the Fregier’s point 
of the ellipses with respect to point A’ of intersection of per¬ 
pendicular tangents, is the other extremity of the diameter of 
the circum-circle which passes through A’. 

Theorem LXXXIV : The square of the ratio of the focal 
distance of PascaPs circum-inscribed ellipse to the diameter of 
Monge's circle is equal to 1/3 of magnitude of the sine of the 
parameter of the contact point of one of perpendicular tangents 
to a cardioid pertaining to the ellipse. 

Theorem LXXV : The sum of squares of two sides M’M”, 
of variable lerights of the triangle MM’M” formed by the con¬ 
tact points of a set of three tangents drawn to a cardioid from 
a point A’ on its circum-circle, varies between its maximum of 
16 and minimum of 8 R*. 

Theorem LXXVI: One of the involutes of a cardioid is 
exactly similar to its evolute, with a radius of rolling circle 
3 times greater than that of the given cardioid, or 9 times great* 
er than that of the evolute. 

Theorem LXXVIII: The pedal curve of a cardioid gene- 
rated by a rolling circle with the radius R is an alongated car¬ 
dioid (PascaPs Limaçon or PascaPs snail) generated by a circle 
of radius 3/4 R, rolling outside equal circle placed concentri- 
cally to the given cardioid, the generating point being at a dis¬ 
tance 3 / 2 R from the centre of the rolling circle. 

Theorem LXXVIII: The negative pedal (anti-pedal) cur¬ 
ve of a cardioid with respect to its cusp is a circle through the 
cusp with a radius 2R and with its centre on the cuspidal tan¬ 
gent of the cardioid. 
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Chapter UI 

Propertíes of bi-cuspidal epi-cycloids 

As tlie definition of this curve has been already given in 
Chapter II we are going to deal directly with some of its pro- 
perties expressed as theorems. 

Theorem I: The length of a tangent to a bfcuspidal epi* 
■cycloid comprized within its circum-circle is equal to the pro- 
jection on its cuspidal diameter, of the diaraeter of this circle 
through its contact point with the rolling circle. 

Theorem II: From the contact point A of the rolling 
circle wich generates a bi-cuspidal epi-cycloid with its circum- 
■circle, four tangents can be drawn to the curve and they are 
such that three of thera make with one another an angle of 60° 
and one of them makes with the fourth tangent an angle equal 
to 4/3 times the parameter of the contact point of this tangent 
with the epi-cycloid. 

Theorem III: The length of one of the three tangents to a 
bi*cuspidal epi-cycloid, mutually inclined at 60", is equal to sum 
of lengths of the other two tangents. 

Theroem IV: The three tangents to a bi*cuspidal epi-cy¬ 
cloid inclined mutually at 60° are such that one of them makes 
with the radius of the contact point of the rolling circle with 
circum-circle an angle equal to 1/3 of the parameter of the 
corresponding point on the epi-cycloid and may, therefore, be 
utilised for tri-section of an angle. 

^ Theorem V; Any tangent at a point M of a bi-cuspidal 
epi-cycloid, its cuspidal line and the radius of the contact point 
of the circum*circle with the rolling circle, in its position cor¬ 
responding to M, form together an isosceles triangle. The base 
of this triangle is equal to 2R and the base angles are equal to 
the parameter of M. 
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Theorem VI: The lengths of the three tangents AMi, AMg, 
AMj mutually separated by60“which can be drawn to a bi- 
■cuspidal epi-cycloid from any point A of its circum-circle, 
are such that their produet is proportional to the 4th tangent 
AM, the constant of proportionality being equal to ^ • 

Theorem VII: The radius of curvature of a, bi-cuspidal 
epi-cycloid at a point M is equal to the produet of —-R by the 
sine of the parameter of the given point, 

Theorem VIII: The evolute of a bi-cuspidal epi-cycloid is 
a similar curve which can be obtained from the given curve by 
rotating it by 90® and giving it half the radius of the inscribed 
circle. 

Theorem IX: The radius of curvature of a bi-cuspidal 
epi-cycloid at any point M is equal to one right angle side of a 
triangle, having its hypotenuse equal to 3/2 of the radius of its 
inscribed circle and the other side equal to 3/2 times lhe length 
of its tangent measured from the contact point M to the contact 
point A of the rolling circle with the circum-circle. 

Theorem X : The radius of curvature of a bi-cuspidal epi- 
-cycloid at the contact point of the middle tangent from the set 
of three tangents mutually separated by 60“ which can be drawn 
from a point A on its circum-circle, is equal to sum or diíference 
of the radii of curvature at the contact points of the other two 
tangents pertaining to the set. 

Theorem XI: The trigonometrical tangent of the angle 
made by a tangent to a bi-cuspidal epi-cycloid at a point M and 
the corresponding tangent t to its polar reciprocai curve is equal 
to -J times the contangent of the parameter of the point M. 

Theorem XII: If AMi,ÂMj AMa are the three tangents 
mutually inclined at 60“, drawn to a bi-cuspidal epi-cycloid from 
a point A on its cirçum-circle and Pi, Pj, Pa are their poles 
with respect to this circle, the reciprocai of radius vector of the 
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Chapter III 

Properties of bí-cuspídai epi-cycloids 

As the definition of this curve has been aiready given in 
Chapter II we are going to deal directly with some of its pro¬ 
perties expressed as theorerns. 

Theorem I, The length of a tangent to a bi-cuspidal epi* 
-cycloid comprized within its circum-circle is eqaal to the pro- 
jection on its cuspidal diameter, of the diameter of this circie 
through its contact point with the rolling circie. 

Theorem II: From the contact point A of the rolling 
circie wich generates a bi-cuspidal epi-cycloid with its circum- 
"Circle, four tangents can be drawn to the curve and they are 
such that three of them make with oiie another an angle of 60° 
and One of them makes with the fourth tangent an angle equal 
to 4/3 times the parameter of the contact point of this tangent 
with the epi-cycloid. 

Theorem III: The length of one of the three tangents to a 
bi-cuspidal epi-cycloid, mutually inclined at 60°, is equal to sura 
of lengths of the other two tangents. 

Theroem IV: The three tangents to a bi-cuspidal epi-cy¬ 
cloid inclined mutually at 60“ are such that one of them makes 
with the radius of the contact point of the rolling circie with 
circum-circle an angle equal to 1/3 of the parameter of the 
corresponding point on the epi-cycloid and may, therefore, be 
utilised for tri*section of an angle. 

Theorem V: Any tangent at a point M of a bi-cuspidal 
cpi-cycloid, its cuspidal line and the radius of the contact point 
of the circum-circle with the rolling circie, in its position cor¬ 
responding to M, form together an isosceles triangle. The base 
of this triangle is equal to 2R and the base angles are equal to 
the parameter of M. 
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Theorem VI: The lengths of the three tangents AM^, AMa, 
AM» mutually separated by 60“ which can be drawn to a bi- 
•cuspiclal epi-cycloid from any point A of its circum-circle, 
are such that their product is proportional to the 4th tangent 
AM, the constant of proportionality being equal to . 

Theorem VII: The radius of curvature of a, bi-cuspidal 
epi-cycloid at a point M is equal to the product of by the 
sine of the parameter of the given point. 

Theorem VIII: The evolute of a bi-cuspidal epi-cycloid is 
a similar curve which can be obtained from the given curve by 
rotating it by 90° and giving it half the radius of the inscribed 
circie. 

Theorem IX: The radius of curvature of a bi-cuspidal 
epi-cycloid at any point M is equal to one right angle side of a 
triangle, having its hypotenuse equal to 3/2 of the radius of its 
inscribed circie and the other side equal to 3/2 times lhe length 
of its tangent measured from the contact point M to the contact 
point A of the rolling circie with the circum-circle. 

Theorem X : The radius of curvature of a bi-cuspidal epi- 
-cycloid at the contact point of the middle tangent from the set 
of three tangents mutually separated by 60” which can be drawn 
from a point A on its circum-circle, is equal to sura or difference 
of the radii of curvature at the contact points of the other two 
tangents pertaining to the set. 

Theorem XI: The trigonometrical tangent of the angle 
made by a tangent to a bi-cuspidal epi-cycloid at a point Mand 
the corresponding tangent t to its polar reciprocai curve is equal 
to times the contangent of the parameter of the point M. 

Theorem Xll: IfAMi,AMí AM* are the three tangents 
mutually inclined at 60", drawn to a bi-cuspidal epi-cycloid from 
a point A on its circum-circle and Pi, Pj, P 3 are their poles 
with respect to this circie, the reciprocai of radius vector of the 
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middie point Pj is equal to the sum or diference of reciprocais 
of the radii-vectors of the other two points Pi, P3.. ■ 

Theorem XHI: A bi-cuspidal epi-cycloid possesses two bi- 
-tangents perpendicular to its cuspidal line, symraetrically pla- 
ced with respect to its centre and situated at a distance from 
this point equal to the side of a square inscribed in the base 
circle. The length of each bi-tangent between its contact points 
is also equal to the same side. 

Theorem XIV: The angle forraed by the diagonais of the 
rectangle made by the four contact points of the bi-tangents to 
a bi'Cuspidal epi-cycloid is equal to arctan 4/3. 

Theorem XV : The length of a bi-cuspidal epi-cycloid is 
eq^al to 24 times the radius of the rolling circle that generates 
the curve, or 12 times the radius of the base circle. 

Theorem XVI .• The area comprised within a bi-cuspidal 
epi-cycloid is equal to 12 times the area of the rolling circle or 
equal to 3 times the area of the base circle. 

Theorem XVII: The intrinsic equation of a bi-cuspidal 
epi-cycloid is 4r* + s (s — 12R)™0 where r is the radius of 
curvature and s is the length of its arc counted from a cusp, 

This theorem may also be stated in an alteniative way as 
follows: 

Theorem XVII; (alternative): The diameter of the curva¬ 
ture circle at a point M of a bi-cuspidal epi-cycloid is the geo- 
metrical mean between the lengths of ares counted from the 
point to its cusps. 

Theorem XVIII: If the line joining two points M,M' of a 
bi-cuspidal epi-cycloid passes through the centre, their para- 
meters should differ by 180°. 

Theorem XIX: If two points M,M’ on a bi-cuspidal epi- 
■cycloid are such that the lines joining them with its centre are 
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perpendicular, their parameters should be coiínected the 
equation f (s) = where s and u are equal to tangent of half 
the parameter of M and M’, respectively, and f (s)-equal .toi 
-16s3 ■ :: . i 

(l-.s^)(l + 10 s» + s^)' , „ r ■ v: ^ 

. Theorem XX : The sum of squares of radii-vectors of the 
contact points of three tangents mutually separated by^óOAthat; 
can be drawn to a bi-cuspidal epi-cycloid from.a point, Aon its.: 
circum-circle, is equal to 30 times the square of radius of the: 
rolling circle that generates the curve. 

Theorem XXL: The centroid of the triangleformed.by. the. 
contact points Mi, Ma,M 3 , of three tangents, mutually inclined 
at 60.°, that can be drawn to a bi-cuspidal epi-cycloid froni ^ny/ 
point A on its circum-circle, describes a circle with its centre a 
the centre of the epi-cycloid and radius equal to that of the rol¬ 
ling circle that generates the curve. 

Theorem XXII: The centroids of the poles Pi, P#, p 3 ,'with 
respect to the circum-circle, of the three equiangular tàngeMs: 
that can be drawn to a bi-cuspidal epi-cycloid, from a point on 
that circle, describes, as its locus, the non-cuspidal symmetry 
axis of the epi-cycloid. . 

,: Theorem XXIII: The contact points Mi , M 2 , Ms of a. set. 
of three equiangular tangents that can be drawn to a bi-tíúspÜ, 
dal epi-cycloid from a point A on its circum-circle from an equi-.. 
lateral triangle with its side equal to thrice the side of an equi-' 
lateral, triangle inscribed in the rolling circle, that generates ;the:. 
epi-cycloid. ;■ 

Theorem XXIV : All the points of intersection Qj, Qa, Q 3 
of,the three tangents to the reciprocai polar, corresponding, to 
thè contact points Mj, Mj, M 3 of a set of equi-angplar tange,nts.. 
that can be drawn to a bi-cuspidal epi-cycloid fropa a .point A , 
on its circum-circle, describe the same. locus which, is gíven,. .,by.. 

itsuartesian equation .(5xA+y*) ‘*'=25ÕR' ( x* +y^:)!. : . -, 
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Theorem XXV : If M is a point on the bi-cuspidal epi- 
•cycloid, t is the respectiva tangent, ti and P are the correspond- 
ing tangent and point on its reciprocai polar, this tangent is 
perpendicular to the radius-vector of M. Reciprocally, the tan¬ 
gent t is perpendicular to the radius-vector of the point P. 

Corolary : The radii-vectors of the points Ps, P].. P*, 
corresponding to three equi-angular tangents to a bi-cuspidal 
epi-cycloid, drawn from a point A on its circum-circle, arç incH- 
ned each with the next at an angle of 60° 

Theorem XXVI: The normais to a bi-cuspidal epi-cycloid 
at the contact points Mr, Mj, Ms of a set of equi-angular tan¬ 
gents, drawn from a point A on its circum-circle, are obviously 
separated by 60’, one from the next, and they meet together at 
a point C on the base circle of the epi-cycloid which is diame- 
trically opposite to the contact point C of the corresponding 
position of the rolling circle with the base circle. 

The normal drawn at the contact point of the forth tangent 
passes through the point C. 

Theorem XXVII: From any point C’ on the base circle 
of a bi-cuspidal epi-cycloid, four normais can be drawn to the 
curve and they are such that, three of them forming a set of li- 
nes separated by 60’, ha ve their feet at the contact points Mj, 
Mj, Ms, of a similar set of tangents drawn from the point A whe- 
re the line joining C’ with the centre raeets the circum-circle. 
The fourth normal has its foot at a point M ’on the epi-cycloid 
diametrically opposite to the contac point M of the fourth tan¬ 
gent from A. 

Theorem XXVIII : The length of each normal of the set of 
equi-angular normais that can be drawn to a bi-cuspidal epi*cy- 
cloid from a point C’ on its base circle, is equal to one side of a 
right angled triangle, the other side, of which is equal to the cor¬ 
responding tangent and the hypotenuse equal to thrice the radius 
of that circle. The length of the 4th normal is similarly the 
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right angle side of a triangle, the other side of which is the 4th 
tangent from the point A of the circum-circle and the hypotenuse 
equal to that radius. 

Theorem XXIX : The length of a normal belonging to a 
, set of equi-angular normais that can be drawn to a bi-cuspidal 
epi-cycloid from a point C’ on its base circle is equal to the sum 
of the other two normais. 

Theorem XXX : The product of the radii of curvature at 
the three contact points of a set of equi-angular tangents to a 
'bi-cuspidal epi-cycloid drawn from a point A on its circura-cir- 
cie, is proportlonal to the radius of curvature at the contact 
point of the 4th tangent, the constant of proportionality being 
equal to 9/16 times the square of the radius of its base circle. 

Theorem XXXI: The polar angle of a general point P on 
the polar reciprocai curve of a bi-cuspidal epi-cycloid with res. 
pect to its circum-circle is such that its tangent is equal to--cot 
of the double the parameter of the contact point M of the cor¬ 
responding tangent to the epi-cycloid. 

Theorem XXXII : The lines joining the points Qi,Qa,Qo 
defined in Theorem XXIV with the centre of a bi-cuspidal epi- 
-cycloid meet the line formed by the points Pi,Pa,P 3 defined in 
Theorem XII, at three points which describe a single locus c that 
is of the same nature as the polar reciprocai curve of a four-cus- 
pidal hypomycloid generated by the same rolling circle as that 
of the bi-cuspidal epi-cycloid, the polar reciprocai being taken 
with respect to the inscribed circle of the hypo-cycloid and 
rotated through 45", after changing R into 2R. 

Theorem XXXIII j If the rolling circle of a bi-cuspidal 
epi-cycloid is thought of as rolling inside its circum-circle, 
instead of rolling on the outer periphery of its base circle, a 
four-cuspidal hypo-cycloid will be obtained, the distance of 
whose general point to the initial cuspidal tangent of the epi- 
-cyclold is the same as that of a point of this curve correspond¬ 
ing to the same parameter. 
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ii' Theorem XXXIV: The pedal curve of a bi-cuspídal ept- 
-cyGloid‘'.;Víith respect to its centre is an alongated epi-cycloid 
(epi-trochoid) generated by a circle of radius R/3 rolling outsidè' 
another drcle with double the radius, the generating point 
being.at a distance from the centre of the rolling circle equal to . 
thricè its radius. 

TheoremXXXV: The cartesian equation of the polar 
reciprocai curve of a bi-cuspidal epi-cycloid with respect to its 
circum-cifcle is: 

Py^)-16, R“(x®+y*) 1-64 R^ = 0 where the abscissa' 
axisiis theouspidal tangent and the ordinate axis is the perpen-' 
dieülar from the centre of the curve. 

' Theòrèrn XXXVI: The equation in polar coordinates of 
the polar reciprocai curve of a bi-cuspidal epi-cycloid with 
respect ío its circum-circle is: í: 

■ ’ r%s^0--I6 R“rH64 R'^ = 0, where the pole is the centre' 
of the'épi-cycloid and'the origin of polar angles is the initiaT 
cuspidal tangent. 

Theõrem XXXVII; The cartesian equation of a bi-cuspidal 
epi-cycloid Teferred to the axes deíined in Theorem XXXV is: ' 

4(x^+ y* -R“)®”27 R^^y^a 0 where R is the radius of its- 
base circle. ' 

. Theorem XXXVIII: The equation in polar coordinates óf 
a; bi-cuspidal epi-cycloid is: 

4(r^-R^)«-27R^r“sin'0-0. 

Theorem XXXIX: Oneof the involutes of .a bi-cuspidal 
epi-cycloid is another epi-cycloid exactly similar to its evolute, 
büt with its radius of rolling circle twice greater than that of the 
given epi-cycloid and 4 times greater than that of its eyolute. 

i . Theorem XL: The canstic by reflexion of parallel rays ■ 
inpident. on a circular rairror of radius R is a bi-cuspidal epí-. 
-cycloid with its radius of rolling circle.equal to R/4. . ■ ,, : 


Theorem XLI: A bi-cuspidal epi-cycloid possessas the foi- 
lowing Pluekerian characteristics: order = 6; class = 4; num- 
ber of double points == 4 ; number of bi-tangents=3; number 
of stationary points = 6; number of stationary tangents -■ 0. 
Its deficiency is equal to zero, since the curve is unicursal.,. 

Theorem XLII: The Pluekerian characteristics ofthere-, 
ciprqcal polar curve of a bi-cuspidal epi-cycloid are; order =* 4 
class =* 5;' numbsr of double points =* 3; number of bi-taq-,, 
gents = 4; number of stationary points —O; number of sta-, 
tionary tangents == 6. Its deficiency is equal to zero, since the' 
curve is unicursal. :, 

Theorem XLIII; The intrinsic equation of a bi-cuspidab 
epi-cycloid, when a vertex ofthe curve is taken as origin of arc-‘ 
■length, is: 4r“*- 9 R'^ - s* where r is the radius of curvature 
and R is the diameter of the rolling circle. 

Theorem XLIV: The differential equation, in intrinsic ço- 
ordinates, of a bi-cuspidal epi-cycloid, when its arc-length ís 
measured from a cusp, is; 

; : dr, 4r^“S^ ; ; 

—-■, where r is the radius of curvature. 

ds ' 8rs 

Theorem XLV: The differential equation, in intrinsic 
coordinates, of a bi-cuspidal epi-cycloid, when the arc length is 
measured from any point on the curve, is: 


! d 

■ 


1 ' 


4 + 16 - 

i ds 

- 

1 'dslj- 


Theorem XLVÍ: The differential equation, in cartesian. 
coordinates, of the most general family of bi-cuspidal epi-cy- 
cloids is; 


(l + y’M®f / 2(l + y’My’'’\MÍ 

-1+ 6y--U-'0, 

y"' i \ / )-' 


where y’, y’’y'” are the derivatlves of Ist, 2nd and 3rd order, 
of y with respect to x. ' ' 
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Chapkf IV 

Trí-cuspidal epkycloids 

Theorera I; The tangent to a tri-cuspidal epi-cycloÍd at a 
point M passes' through the contact point of the roHing circle 
with its circum-circle and makes with its initial cuspidal tangent 
an angle eqaal to 5/2 times the value of the parameter of the 
point M. 

Theorem II: From any point A on the ciicum-circle of a 
tri-cuspidal epi-cycloid, five tangents can be drawn to the curve» 
íour of which are equi-angular, forraiog an angle of 45.<> with 
one another and the sum of their angles with the initial cuspidal 
tangent, after subtracting a multiple of 180°, is the sarae as the 
angle made with the same line by the fifth tangent. The four 
equi-angular tangents form two pairs of perpendicular tangents. 

Theorem III; The distance between the contact points 
Ml, Mg, or of.anypair of perpendicular tangents that 

can be drawn to a tri*cuspidal epi-cycloid frora any point A on 
its circum-circle, is equal to 8 times the radius of its rolling 
circle. 

Theorem IV: The four contact points Mi, Ma, Mg, of 
the two sets of perpendicular tangents that can be drawn to a 
tri-cuspidal epi-cycloid, from any point A on its circum-circle, 
are vertices of a square having its side equal to four times the 
side of an inscribed square in the rolling circle that generates 
the curve. 

Theorera V: If, from any point A on the circum-circle of a 
trimuspidal epi-cycloid, two pairs of perpendicular tangents are 
drawn to the curve, the centre of the square formed by the four 
contact-points of the tangents lies in the radius of A and des- 
cribes a circle equal to the rolling circle with centre at the cen¬ 
tre of the curve. 
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Theorem VI: The mid-points ofthesides ofthe square 
formed by the contact-points of two pairs of perpendicular tan¬ 
gents drawn to a tri-cuspidal epi-cycloid, describe together a 
single locus which is an epi-trochoid of three nodes with a radius 
of rolling circle equal to R^nd a constant m «V^2> 

W 

TheOr-em VII: If, from the set of five tangents drawn to 
a tricuspidal epi-cycloid from a point A on its circum-circle, 
the non-perpendicular (5th tangent) tangent MA is produced, 
it will meet the circle at another point A’ which is diametrically 
opposite to the point of that circle corresponding to 4 times the 
angle at centre of A measured from the initial cuspidal tangent. 

Theorera VIII: Any tangent t to a tri-cuspidal epi-cycloid 
meets its circum-circle at two points A, A’ such that t does not 
pertain to a set of perpendicular tangents drawn to the curve 
from one of these points, (sayA), whereas it does pertain to 
such a set drawn from the other point (sayA’). The angle 
made by the 5th tangent t’ from A’ with the given one t is cora- 
plementary to thrice the angle of this line with- the initial cuspidal 
tangent. 

Theorem VlX : The square formed bythe contact-points 
Ml, Ma, Mg, Ml, of the two pairs of perpendicular tangents 
drawn to a tri-cuspidal epi-cycloid from a point A onits circura- 
-circle, is such that the angle formed by two of its sides with the 
initial cuspidal tangents to the curve are equal to 1/4 the para- 
meter, of the contact point M of the 5th tangent drawn from A. 

Theorem X: If the rolling circle of a tri-cuspidal epi-cy¬ 
cloid is thought of, as rolling inside its circum-circle, instead of 
moving on the outer periphery of its base circle, it will generate 
a five-cuspidal hypocycloid, the distance of whose general point 
to the initial cuspidal tangent is the same as that of the point of 
the epi-cycloid corresponding to the same parameter. 

Theorem XI: The length of each tangent of any pair of 
perpendicular tangents drawn to a tri-caspidal epi-cycloid from 
a point A on its circum-circle, is equal to the produçt of 4 times 
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the diameter of rolling circle by the sine of the excess over 90® 
of 3/2 times the paratneter corresponding to the respective con. 
tact point. 

TheoreraXII: The lengthof the 5 th tangent AM drawn 
to the tri-caspidal epi-cycloid, from a point A on its .circum-!- 
-circle, is equal to the product of the diameter of the rolling 
circle by The cosine of 3/2 times the parameter of itg contact. 
-point, '' : 

: • Theòrem "Xni : The portion of a tangent to a tri-cuspidal 
ehi"Cycloid compfised within its circum-circle is equal to the 
product of 5 times the diameter of the rolling circle by the 
cosine of 3 / 2 ’ of the parameter corresponding to its contact- 
-point, 

Theorera XIV: The sum of squares of any two perpendi¬ 
cular tangents drawn to a tricuspidal epi-cycloid from a point A 
on its circum-circle, is a constant equal to 64 times the square 
of radius of its rolling circle. 

. , Theorem XV The sum of the lengths of two perpendicu¬ 
lar tangents drawn to a tri-cuspidal epi-cycloid fmm any point A 
on its circum-circle is equal to the product of V 2 by the length 
of one of the tangents of the other pair that can be drawn from 
the same point, all the lengths being measured from this point. 

Theorem XVI: The distance from a point A on the circum- 
■circle of a tricuspidal epi-cycloid to the second point of inter- 
section of the rolling circle, touching it at A, with one of the 
perpendicular tangents that can be traced from A, is 1/4 the 
length of the tangent measured from this point. 

Theorem XVII: The length of the 5th tangent drawn 
tó a tri-cuspidal epi-cycloid, from any point A on its circum- 
-circle, is equal to 1/5 of its portion comprised withiii that circle. 

Theorem XVIII: The normal to a tri-cuspidal epi-cycloid 
at a point M passes throughthe contact point C of the rolling 
circle that geherates the curve with its base circle. 
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Theorem XIX: The normais at contact points Mi Ma, Ms 
M 4 of two pairs of perpendicular tangents to a tri-cuspidal 
epi-cycloid, drawn from a point A on its circum-circle, form 
obviously two pairs of perpendicular lines and meet together 
at a point N on its base circle which is diametrically opposite 
to its contact point C with the rolling circle. 

Theorem XX : From any point N on the base circle of a 
tri-cuspidal epi-cycloid, íive normais can be drawn to the curve, 
four of which form two pairs of perpendicular lines and the 
íifth one is parallel to the 5th tangent traced to the epi cycloid 
from the point A where the line joining N with the centre meets 
the circum-circle. 

Theorem XXI: The length of the 5th normal N Ni that 
can be drawn to a tri-cuspidal epi-cycloid from a point N on 
its base circle, is equal to the length of the 5th tangent AM 
drawn from the point A where the join of N and the centre 
meets the circuixi' circle. 

Theorem XXII: If, from each of two diametrically oppo¬ 
site points A,B, on the circum-circle of a tri-cuspidal epi-cycloid, 
two pairs of perpendicular tangents are drawn to the curve, the 
four tangents from A can be obtained from those from B by a 
suitable rotation of 22.5 .degrees. 

• Theorem XXIII: If from two diametrically opposite points 
A,B on the circum-circle of a tri-cuspidal epi-cycloid, all tan^ 
gents are drawn to the curve, the 5 th tangent from one point is 
perpendicular to the 5th tangent from the other point. 

Theorem XXIV: If from each of two diametrically oppo¬ 
site points A,B on the circum-circle of a tri-cuspidal epi-cycloid, 
two pairs of perpendicular tangents are drawn to the curve, the 
raid-points of the lines Mi M”i, Mg, M”» joining the contact- 
-points.of the corresponding tangents of the congruent pairs 
from A and B, lie on a circle with centre at the centre of the 
curve and radius 4Rcos 67.5®. The mid-points of the lines 

9 
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Ml, M” 8 , Ms, M”i joining the contact-points of non-correspond- 
ing tangents of the congruent pairs from A,B also lie on another 
circle with the same centre and radius 4 Rsin 67.5'*. 

Theorem XXV: The sum of squares of reciprocais of the 
radii-vectors of two points P’i, P ’3 of the reciprocai polar of a 
tri-cuspidal epi-cycloid, corresponding to any pair of perpendi* 
cular tangents drawn to the epi-cycloid from a point A on its 
circummircle, is equal to the reciprocai ofthesquare of radms 
of this circle. 

The reciprocai curve mentioned in the above theorem is 
that corresponding to the circum -circle. 

Theorem XXVI: The radius vector of a point of the re¬ 
ciprocai polar curve of a trimuspidal epi-cycloid is perpendicular 
to the corresponding tangent to the epi-cycloid, 

Theorem XXVII: The sum of squares of radii-vectors 
of the contact points of any pair of perpendicular tangents to 
a tri*cuspidal epi-cycloid drawn from a point ,A on its circum- 
-circle is equal to 34 times the square of radius of the rolling 
circle. 

Theorem XXVIU : The three bi-tangents of a tri-cuspidal 
epi-cycloid forra an equilateral triangle, having its sides equal 
to 10 R VI COS 36“ and its reciprocai trian^e with respect to 
the circum-circle has its sides equal to and the vertices 

COS 36” 

at the double points of the reciprocai curve of the epÍ-cycloid. 

Theorem XXIX: The three assymptotes of the reciprocai 
polar curve of a tri-cuspidal epi-cycloid are perpendicular to the 
cuspidal tangents and are situated to a distance from the centre 
equal to 5/3 times the radius of its circum-circle. 

Theorem XXX : If ti, t* form a pair of perpendicular tan- 
gents drawn to a tri-cuspidal epi-cycloid from a point A’ on its 
circum-circle and ta, t 4 form the second pair of perpendicular 
tangents from the same point, the mid-points Qi.Qa oí the cou- 


ple of points Pi, Ps and Pa, P 4 corresponding to the iirst and 
second pairs of tangents, describe a common locus which is the 
■same as the reciprocai polar curve of a tri-cuspidal hypo-cy- 
cloid with the above circle as its inscribed circle and with the 
same initial cuspidal tangent. 


Theorem XXXI: The locus of the mid-point Q of the 
points Qi, Qa deíined in Theorem XXX is the same as the ima- 
ge reciprocai curve of the hypo-cycloid deíined in the same The¬ 
orem. (*) 

Theorem XXXII; If from any point A’ on the circum-cir¬ 
cle of a tri-cuspidal epi-cycloid all the five tangents t’i,t’j,t 8 i 
t’ 4 , t’ are drawn to this curve, their poles Pb, P’a) P’»,?’*) P 
with respect to that circle lie together on a single straight line 
which is tangent to the circum-circle at A’, 


Theorem XXXIII: Any pair of perpendicular tangents 
ti,t 3 drawn to a tricuspidal epi-cycloid, from a point A on its cir¬ 
cum-circle, is harmonically conjugate to the second pair tj.t* 
of perpendicular tangents from the same point. 


Theorem XXXIV ; The points Pi, Ps of the reciprocai po¬ 
lar curve of a tricuspidal epi-cycloid corresponding to a pair of 
perpendicular tangents, divide harmonically the pair of points 
'Pa Pr of the same curve corresponding to the second pair of per¬ 
pendicular tangents drawn from the same point ofthecircura- 
-circle. 


Theorem XXXV: The radii-vectors of two points P’i, 
or P’ Ph of the reciprocai polar curve of a tri-cuspidal epi-cy- 
cloid corresponding to any pair of perpendicular tangents to the 
curve, drawn from a point A on its circum-circle, are the right 
angle sides of a triangle, the hypotenuse of which is the 
ioinins; the two points. 


(•) S.e my paper ou " Some properlies 
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■ Theorem XXXVI: The lines joining the points Qi Qa 
■mentioned in Theorem XXX with the centre are perpendicular 
or parallel to the radii of the second point where the equi-angu- 
lar tangents from A’ meet the circum-circle. 

Theorem XXXVII: The locus of the points of intersection 
P”i, P ’’.2 of the tangent to the reciprocai polar of a tri-cuspidal 
epi-cycloid at the points P’i P ’8 or P'a, P ’4 corresponding to the 
two pairs of perpendicular tangents that can be drawn from any. 
point A’ on its circum-circle, is the same curve as the reciprocai 
polar of a tri-cuspidal hypo-cycloid with its inscribed circle 
of radius 25R and centre at the centre of the epi-cycloid. 

Theorem XXXVIII: The lines joining the points P’’i, P’'a 
defined in Theorem XXXVII with the centre of the epi-cycloid 
are respectively perpendicular and parallel to the lines joining 
the centre with the mid-points Qi ,Q 2 of P’i, Pu and P’ 2 , Ph , 
respectively. 

Theorem XXXIX: The foot N’ of the 5th normal that can 
be drawn to a tri-cuspidal epi-cycloid from a point N on its base 
circle coincides with the contact point M’â of the tangent belong- 
ing to the same pair of perpendicular tangents as the one which 
represents the non-perpendicular tangent to the epi-cycloid from 
the point A where the line joining the point N with the centre 
meets the circum-circle. 

Theorem XL: The evolute of a tri-cuspidal epi-cycloid is 
another similar curve which can be obtained from the given epi- 
-cycloid by changing its radius of rolling circle R into 3/5 R and 
by rotating it by Õ 0 .° 

Theorem XLI : The radius of curvature of a tri-cuspidal 
epi-cycloid, at any point M, is equal to the product of 16/5 R by, 
the sine of the angle made by the tangent at that point with the 
radius of base circle to the contact point C of the rolling circle. 
It is also equal to 16/25 times the distance from the centre to the 
tangent at M, 


r 


t 

i 




■í 


Theorem XLII: The sum of squares of the radii of curva¬ 
ture of a tricuspidal epi-cycloid at the contact points Mi, M 3 of 
a pair of perpendicular tangents drawn from a point A on its cir- 
cuimcircle, is equalto times thesquare of radius of its rolling 

2i) 

circle. 

Theorem XLIII: The radii of curvature at the contact 
points of a pair of perpendicular tangents to a tri-cuspidal epi- 
-cycloid drawn from a point on its circum-circle are, one equal 
to 1 /V 2 times the sum and the other 1/V2 times the difference of 
the radii of curvature at the contact points of the other pair of 
perpendicular tangents. 

Theorem XLIV ; The length of a tri-cuspidal epi-cycloid 
is equal to 32 times the radius of its rolling circle. 

Theorem XLV : The area comprised within a tri-cuspidal 
epi-cycloid is equal to 20 times the area of its rolling circle. 

Theorem XLVI ; The intrinsic equation of a tri-cuspidal 
epi-cycloid is: 25r‘' = 3s (32R-3s) where r is the radius of 
curvature and s is the length of arc measured from a cusp, 

Theorem XLVII: The intrinsic equation of a tri-cuspidal 
epi-cycloid when its arc length is measured from a vertex (point 
of maximum radius-vector) is 25 r^= 256 R* ■ 9s®, where 
r is the radius of curvature and R is the radius of the rolling 
circle, 

Theorem XLVIII: The differential equation of a tri-cuspi-, 
dal epi-cycloid, in intrinsic coordinates, when the arc-length is 
measured from a cusp of the curve is: 

dr 25r'-9s^ 

--^ where r is the radius of curvature. 

ds 50 rs 

Theorem XLIX; The differential equation, in intrinsic 
coordinates, of the most general family of tri-cuspidal epi-cy- 
cloids is : 
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'■curvature and s is its arc-length measured from any point on 
the curve. 

Theorem L : The differential equation, in cartesian coor- 
dinates, of themost general family of tri-cuspidal epÍ-cycloids is: 
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where y’, y’\ y” are the derivatives of Ist, 2 nd and 3rd orders, 
respectively, of y with respect to x. 

Theorem LI: The lri*cuspidal epi-cycloid possesses the 
following Pluekerian characteristics: order = 8 ; class = 5 ; 
number of double points = 12 ; number of bi-tangents = 6 ; 
number of stationay points 9; number of stationary tangents» 0 . 
Its deíiciency is equai to zero, since the curve is unicursal, 

While stating the above Theorem, imaginary and improper 
points and straight lines are, obviousJy, accounted for. 

Thorem LII: The reciprocai polar curve of the evolute of 
a tri'cuspidal epi-cycloid is a similar curve to the reciprocai 
curve of the given epi-cycloid, differing from it by the change 
of R into 5/3 R and by a rotation of 60°. Both the reciprocai 
polar curves are taken with respect to the circum-circle of the 
given epi-cycloid. 

Theorem LIII: The radius-vector of a point of the polar 
reciprocai curve of the evolute of a tri-cuspidal epi-cycloid is 
perpendicular to the radius-vector of the corresponding point o^ 
the polar reciprocai of the given epi-cycloid, 

Theorem LIV :The tan of the angle made by the two tan¬ 
gents to the reciprocai curve of a tri-cuspidal epi-cycloid, cor¬ 
responding to the contact points Mi, Mg of a set of perpendicu¬ 


lar tangents to this curve drawn from a point on itscircura-circle, 
varies proportionally with the sine of thrice the parameter of 
one of these contact-points, between its maximura of8/15 and 
ininimum-8/15. 

Theorem LV : The point of intersection P”x of the tan¬ 
gents to the polar reciprocai curve of a tri-cuspidal epi-cycloid 
at the poles P\, P '3 of a pair of perpendicular tangents to this 
curve drawn from a point M of its circum-circle, lies on a line 
perpendicular to the radius of A’ at a distance equai to 4 times 
the radius of this circle, to the opposite side of the centre, with 
respect to A’. 

Theorem LVI: If A ’3 A’i are the points of intersection of 
each tangent of a pair of perpendicular tangents to a tri-cuspi¬ 
dal epi-cycloid with the respective tangent to its polar recipro¬ 
cai curve, the mid-point Fi of A ’3 Â’i lies on a circunference 
concentrical to the circum-circle with a radius equai to 1/3 the 
radius of this circunference. The point Fi lies also on the line 
joining the centre with the point of concurrence of the perpen¬ 
dicular tangents ( Fregier’s point mentioned in Theorem LX). 

Theorem LVII: The line joining the points A’i, A ’8 
defined in Theorem LVI is parallel to the join of the contact 
points M,M ’3 of a pair of perpendicular tangents to a tri-cuspi¬ 
dal epi-cycloid drawn from a point A’i on its circum-circle and 
its length A’iA 3 is a constant equai to 8/3 times the radius of 
this circle. 

Theorem LVIII: Any pair of perpendicular tangents 
A’M, A’M’3 to a tri-cuspidal epi-cycloid drawn from a point Â’ 
on its circum-circle, the conjugate pair of tangents PP”, P’P” 
to its polar reciprocai curve with respect to that circle and the 
line MM’3 joining the contact-points on the epi-cycloid, form 
together a pentagon, the circum-inscribed conic of which is an 
ellipse tangent to the line P P’ joining the contact points on the 
polar reciprocai curve, at the vertex A’ of the pair of^perpendi- 
cular tangents. This ellipse will be called Pascais circum- 
-inscribed ellipse for the given pair of perpendicular tangents. 
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Theorera LIX: To every point A’ on the circum-circle of 
a tri-cuspidal epi-cycloid there correspond two Pascal’s circuin- 
•inscribed ellipses ei, 63 , corresponding to the pairs of perpendi¬ 
cular tangents drawn from A’ to the epi-cycloid and their equa- 
tions are of the form: 

(15 - sin ®3y) -2 xysin 3 y cos 3y + y^ (15+ sin^ y ) 
•' 200 Rx = 0, wherey is tlie parameter corresponding to the 
contact point of any tangent of the pertinent pair. The above 
equation is referred to a variable coordinate system formed by 
the line from A’ towards the centre, as abscissa axis, and its 
perpendicular at A’, as ordinate axis. 

Theorem LX: The PascaPs ellipses of both kinds ei, 62 
corresponding to all the points on the circum-circle of a tri- 
cuspidal epi-cycloid possess a chord A^sAA of a constant length, 
as known by Theorem LVII, the mid-point of which is the iii- 
tersection of the normal at A’ to the ellipses Ci, 63 with their cords 
seen under 90“ from A' (FregiePs point corresponding to A’), 

Theorem LXI: The two PascaPs circum-inscribed ellipses 
Cl, ea corresponding to any point A’ on the circum-circle of a 
tri-cuspidal epi-cycloid meet together at two points Ij, Ia other 
than A’ where they are mutually tangent and these points are 
such that their joints with A’ are two perpendicular lines. 

Theorem LXII; The angie made with the central line 
through a point A on the circum-circle of a tri-cuspidal epí-cy- 
cloid by the join of the points Ii, Ia referred to in Theorem 
LXI, is such that its trigonometrical tangent varies proportio- 
nally to cotangent of 6 times the parameter of the contact point 
of any tangent drawn from A to the epi-cycloid. 

Theorem LXIII: The contact-points (M, M’ 8 )or (MV) 
MV) of a pair of perpendicular tangents to a tri-cuspidal epi- 
■cycloid drawn from a point A’ on its circum-circle, the corres¬ 
ponding points (P’i, P’ 3 ) or (P ’2 Ph ), respectively, on its po¬ 
lar reciprocai curve and the respective point P”i or P ”2 where 


HYPO-CYCLOIDS AND EPICYCLOIDS 73 

the tangents to this cur\^e meet together, when joined by pairs 
MPV Ph Pb , P’í Mb ,Mb P’V, PV M or by pairs MV PV, P '3 
PV) PV MV)MV PV» P '^2 Mb form the five sides of two penta- 
gons, the inscribed conics to which are two ellipses eV) eb tan¬ 
gent to the straight line Ph Pb P ’3 Pb at the point A’ where the 
pairs of perpendicular tangents meet together. These ellipses 
are the polar reciprocai curves of the circum-inscribed ellipses 
ei, 63 and will be called Pascahs inscribed ellipses in the two 
pentagons. 

Theorem LXIV : To every point A’ on the circum-circle of 
a tri-cuspidal epi-cycloid, there correspond two Pascars inscri¬ 
bed ellipses e’i e’ 2 , each corresponding to a pair of perpen¬ 
dicular tangents drawn from A’ to the epi-cycloid and their 
equations, referred to the coordinate system defined in Theo¬ 
rem LIX are of the form : 

(825 — 41sin®3 y) x* —40xy sin3 y cos3y — 400 y“ + 
200Rx (15 + sina3 y) = 0 where y is the parameter corres¬ 
ponding to the contact point of any tangent of the pertinent pair. 

Theorem LXV: The two Pascars inscribed ellipses eV, eV 
corresponding to the two pairs of perpendicular tangents drawn 
from a point A’ on the circum-circle of a trimuspidal epi-cycloid 
meet together at two points ]i , ]i other than A’ where they are 
tangent and these points are such that the trigonometrical tan¬ 
gent of the angie made by their join with the central line thròugh 
A’ is equal to 41/40 of the cot of six times the parameter of the 
contact - point of any tangent. , : 

Theorem LXVI: If Mi, Mg are the contact points of a 
pair of perpendicular tangents to a tri-cuspidâl epi-cycloid drawn 
from a point A on its circum-circle and N is the point of inter- 
section of normais at Mi, Mg, the distances M 3 J, Mi J from 
these points to the foot J of the perpendiculars drawn from N 
on Ml Ms are respectively equal to MiL, MgK from theoppo* 
site points to the tangent at A to the circum-circle. • 

1,0 ■ ■ 


fc 
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Theorem LXVII: The square of the ratio of focal distance 
of PascaPs circum-inscribed, ellipseei to the diameter of its 
Monge’s circle is equal to 1/15 of Magnitude of the sine of 
thrice the parameter of the contact point of one of the perpendi¬ 
cular tangents pertaining to the ellipse. 

Theorem LXVIII: The sum of squares of two sidesMM’, 
M ’3 of variable lengths of the triangle MM^M’ formed by the 
contact-points of a set of perpendicular tangents and of the non- 
-perpendicular tangent ( 5 th tangent) that can be traced to a 
trhcuspidal epi-cycloid from a point A’ on its circum-circle, va¬ 
ries between its maximum of 64R® and the rainimum of 40 R^. 

Theorem LXIX: Given any pair of perpendicular tan¬ 
gents to a tri’cuspidal epi-cycloid drawn from a point A’ 011 its 
circum-circle and the respective pair of normais at the contact 
points M, M ’3 of the tangents, the 5th tangent drawn from the 
point of intersection A’ of the tangents pertaining to the pair and 
the 5th normal drawn from the point N’where the two normais 
meet together, are such that, the sum of squares of radii of cur- 
vature at the contact point M’of the former and at the foot M” 
of the latter is equal to 256/25 times the square of the radius of 
the rolling circle that generates the epi-cycloid. 

Theorem: LXX: The lengths of the non-perpendicular nor¬ 
mal (5th normal) N’M"’ and of the normal at the contact point 
M’of the non-perpendicular tangent (5th tangent) from thé 
point A' mentioned in Theorem LXIX measured from their 
point of intersection N” to the corresponding foot are equal to 
5/2 of the respective radii of curvature of the epi-cycloid. 

Theorem LXXI: The mid-point of the line joiningthecen. 
tres of curvature of a tri-cuspidal epi-cycloid, at the contact- 
-points M,M ’8 of a pair of perpendicular tangents drawn from a 
point M on its circum-circle, coincides with similar mid-point 
oorresponding to the second pair of perpendicular tangents from 
A' and lies on the radius of the base circle through the point of 


intersection N’ of the respective normais and describes a circle 
eoncentrical to and with a radius equal to 1/5 that of the base 
circle of the epi-cycloid. 

Theorem LXXII: The distance between the centres of cur¬ 
vature at the contact-points of any pair of perpendicular tan¬ 
gents to a tri-cuspidal epi-cycloid from a point A’ on its circum- 
•circle is equal to 3/5 the distance between the contact points of 
the tangents, and so, it is constant, 

Theorem LXXXIII: The distance between the centres of 
curvature of a tricuspidal epi-cycloid at the contact-points of 
any tangent of one pair or perpendicular tangents from a point 
A’ on its circum-circle and that of any tangent of the second 
pair is constant and equal to 3/5 the distance between the res¬ 
pective contact points. 

ThoremLXXIV; Thedocus of the mid-point Ti of the 
poles of two normais to a tri-cuspidal epi-cycloid at the contact 
points M, ML of a pair of perpendicular tangents, drawn from 
a point A’ on its circum-circle, is a curve similar to the locus of 
the mid-point Qi of the points Pi,p 3 of the polar reciprocai 
curve of the epi-cycloid, corresponding to the given tangents, 
but differing from it by the change of R into 5/3 R and by a 
symmetry with respect to the centre. 

Theorem LXXV : The tangents to the polar reciprocai cur¬ 
ve of theevolute of a tri-cuspidal epi-cycloid, at points T, TL 
polarly corresponding to the normais to the epi-cycloid at the 
contact points M, ^^L of a pair of perpendicular tangents, 
drawn from a point A’ on its circum-circle, meet together at a 
point T”i which describes as locus a curve similar to the locui 
of the point Qi defined in Theorem XXX, differing from it only 
by the change of R into 25/3 R. Both the curves are similar 
to the iraage reciprocai curve of a tri-cuspidal hypo-cycloid 
(see my Paper on Hypo-,cycloids published in the Boletim 
do Instituto Menezes Bragança, N,* 83, January 64). 
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Theorera LXXVI: The line joining lhe poles T, T ’8 of a 
pair of perpendicular normais drawn to a tri-cuspidal epi-cycloid 
from a point N’ on its base circle is tangent to a concentrical 
circle with a radius 25/3 times greater., 

Theorem LXXVII: The line joining the poles P’i, P ’3 
( or P'a, P’4 ) of a pair of perpendicular tangents to a tri-cuspi- 
dal epi-cycloid drawn from a point A’ on its circum-circle is 
parallel to thejoin of the poles T’i, T ’3 (orT’a,T’i of the 
respective pair of normais and is situated to the other side of 
the centre at a distance 5/3 times greater. 

Theorem LXXVIII: The line joining the centres of cnrva- 
ture at the contact points M, IVCs of a pair of perpendicular 
tangent to a tri-cuspidal epi-cycloid, drawn from a point Â’ on 
its circum-circle, is parallel to the line M, M ’8 and is situated 
to the other side of the centre, at 3/5 times the distance from 
this point to the line MM’ 3 . 

Theorem LXXIX: From any point A’ onthe circum-cir- 
cie of a tri-cuspidal epi-cycloid two pairs of perpendicular tan- 
genfs can be drawn to the curve and one pair of perpendicular 
tangents can be drawn to a concentrical circle with radius V "2 
times smaller and this pair is such that, by its rotation of 67.5.“ 
3/8 y and 112.5 — 3/8y, the above two pairs of tangents can 
be obtained, y being the angle forraed by the radius of A’ with 
the initial cuspida! tangent measured from 0 .“ to 360.” in anti- 
•clockwise direction. 

Theorem LXXX : The pedal curve of a tri-cuspidal epi- 
■cycloid generated by a rolling circle of radius R is an alonga- 
ted epí'trochoid generated by a circle with radius 5/8 R, rolling 
outside another circle thricé greater and concentrical to the base 
circle of the epi-cycloid, the generating point being at a distance 
5/2R from the centre of the rolling circle. 

Theorem LXXXl: If M, M’® are the contact points of 
a pair of perpendicular tangents to a tri cuspidal epi-cycloid, 
drawn from a point A' on its circum-circle, P\, are respec- 
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tively the corresponding points on its polar reciprocai curve and 
P ” is the point of intersection of the tangents to this curve, all 
the straight lines A’ P’'i, MP’ 3 , M ’3 P’i meet together at a single 
point Bi whích will be called Brianchon’s point. 

Theorem LXXXII: The points of intersection of the cou- 
ples of lines / A’ M, P ’3 ), ( A’M’3, Fr F’i ) and (P’ 3 , 

MM’3) lie on a single line whichwill be called Brianchon’s line. 
This line is the polar reciprocai of Brianchon’s point with res- 
pect to the circum-circle of the tri-cuspidal epi-cycloid. 

Theorem LXXXl II: The reciprocai polar curve of a tri- 
-cuspidal epi-cycloid with respect to its circum-circle possesses 
the following Plukerian characteristics: Order « 5; class = 8 ; 
number of double points = 6; number of bi-tangents « 12; 
number of stationary points == O *, number of stationary 
tangents == 9. Its dificiency is equal to zero, since the curve 
is unicursal. 

Theorem LXXXIV : One of the involutes of a tri-cuspidal 
epi-cycloid is a similar curve to its evolute, differing from this 
by its radius of rolling circle which is 25/9 times that of the evo¬ 
lute. 

Chapter V 

Four-cuspidal ephcycloids 

Theorem I: The tangent to a four-cuspidal epi-cycloid at 
a point M passes through the contact point of the rolling‘circle 
with its circum-circle and makes with its initial cuspidal tangent 
an angle equal to 3 times the parameter of the point M. 

Theorem II; From any point A on the circum-circle of a 
four-cuspidal epi-cycloid six tangents can be drawn to the curve, 
five of which are equi-angular forming an angle of 36“ with one 
another and the sura of their angles with the initial cuspidal 
tangent, after subtracting the maximum multiple of 180“ is the 
same as the angle raade with the same line by the sixth tangent 
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Theorem III: The distances between the consecutive con- 
tact points Ml, Mu, M 3 , M 4 , Ms of a set of equi-angular tangents 
to a four-cuspidal epi-cycloid are all equal to 5 times the side of 
pentagon inscribed in the rolling circle. The said five points 
are vertices of a regular pentagon, the side of which is equal to 
lORsinSõ'’. 

Theorem IV: If from any point A on the circum-circle of a 
four-cuspidal epi-cycloid all the five equi-angular tangents are 
drawn to the curve, the centre of the pentagon formed by their 
contact-points lies on the radius of A and describes a circle 
equal to the rolling circle and concentrical to the base circle. 

Theorem V: The lengths of the five equi-angular tangents 
that can be drawn to a four-cuspidal epi-cycloid from a point A 
on its circum-circle are such that the sum or the difference of 
one pair is equal to twice the product of the middle tangent by 
the sine of 18^ The sum or the difference of the other pair has 
a similar expression with the change of 18° into 54°. 

Theorem VI: The set of five equi-angular tangents to a 
four-cuspidal epi-cycloid drawn from a point A on its circum- 
-circle is such that the middle one rnakes with the radius of the 
point A of the circum-circle an angle equal to 3/5 of the para- 
meter of the contact-point M of the 6 th tangent (non-equi-angu« 
Jar) and may, therefore, be utilised for finding the 5th part of 
any angle. 

By means of this Theorem, a graphical method may be 
devised for division of any angle into 5 equal parts. 

Theorem VII: The sum of squares of the radii-vectors 
of the contact-points of a set of five equi-angular (separated 
by dõ”) tangents to a four-cuspidal epi-cycloid drawn from a 
point A on its circum-circle is equal to 130 times the square 
of the radius of its rolling circle, 

Theorem VIII; The tangent at any point M of a four- 
-cuspidal epi-cycloid meets its circum-circle at two points A, A’ 
which are such that, the radius of the former rnakes with the 
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initial cuspidal tangent an angle equal to the parameter of the 
contact point, whereas the radius of the latter rnakes with the 
same line an angle equal to 5 times that parameter augmented 
by 180^ 

Theorem IX : Any tangent t to a four-cuspidal epi-cycloid 
meets its circum-circle at two points A,A’ such that, t is not 
belonging to the set of equi-angular tangents drawn to the curve 
from one of these points, say A, whereas it belongs to such a set 
from the other point A’. The angle made by the 6 th tangent 
(non equi-angular) from A’ with Lhe given tangent t is equal 
to 4 times the angle of this line with the initial cuspidal tangent 
to the curve. 

Theorem X: The pentagon M, M’a, M’ 3 , M’ 4 , M^g formed 
by the contact points of a set of equi-angular tangents drawn to 
a four-cuspidal epi-cycloid from a point A’ on its circum-circle 
is such that the angle formed with the initial cuspidal tangent 
by the side joiriing the contact points of the Ist and 2 nd tan- 
gents is equal to the excess of 54° over the parameter of the 
contact point of the Ist tangent. 

Theorem XI: If the rolling circle of a four-cuspidal epi-cy. 
cloid is thought of as rolling inside its circum-circle, instead of 
moving on the outer periphery of its base circle, it will generate 
a six-cuspidal hypo-cycloid, the distance of whose general point 
to the initial cuspidal tangent is the same as that of the point of 
the epi-cycloid corresponding to the same parameter. 

Theorem XII: The length of the 6 th tangent drawn to a 
four-cuspidal epi-cycloid from a point A on its circum-circle is 
equal to product of the diameter of its rolling circle by the 
cosine of double the parameter of its contact point M. 

Theorem XIII: The portion of a tangent to a four-cuspidal 
epi-cycloid comprised within its circum-circle is equal to product 
of 6 times the diameter of its rolling circle by the cosine oí 
double the parameter of its contact point M and this point 
divides that portion, additively, in the ratio 1 :5. 
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Theorem XI \l ' The portion of any tangent belonging to an 
equi-angular set of 5 tangents drawn from A, comprised within 
the rolling circle in the position corresponding to this point, is 
equal to 1/5 of the tangent measured from A. 

Theorem XV: A four-cuspÍdal epi-cycloid, being a roulette, 
its normal at any point M passes through the contact point C of 
its rolling circle with the base circle. 

Theorem XVí: The normais at the contact points M, M’a 
1*8 M ’4 M ’5 of a set of equi-angular tangents that can be tra- 
ced to a four-cuspidal epi-cycloid from a point A’ on its circum- 
- circle are, obviously, inclined at 36.° with one another and raeet 
together at a point N, on its base circle, which is diametrically 
opposite to its contact point C’ with the rolling circle and, con- 
sequently, on the line through the centre O and the point A’. 

Theorem XVII: From any point N on the base circle of a 
four-cuspidal epi-cycloid six normais can be drawn to the curve, 
five of which are mutually separated by 36.^ having their feet 
at the contact points M, M’a,M’ 8 , M’ 4 ,M ’5 drawn from the 
point A’ mention in Theorem XVI and the 6 th normal is per¬ 
pendicular to the 6 th tangent from A’. 

Theorem XVIII: The foot of the 6 th normal drawn to a 
four-cuspidal epi-cycloid from a point N on its base circle is dia¬ 
metrically opposite to the contact point M’ of the 6 th tangent 
from the point A' mentioned in Theorem XVI. 

Theorem XIX : The snm of square of a tangent belonging 
to an equi-angular set of tangents with the square of the corres¬ 
ponding normal to a four cuspidal epi-cycloid is equal to 25 times 
the square of diameter of its rolling circle, the lengths of the 
tangent and normal being measured from A’ and N respectively. 

Theorem XX: The sum of squares of the 6 th normal from 
N and ôth tangent from A’, where N and A’ are the two points 
defined in Theorem XVI is equal to square of diameter of the 
rolling circle which generates the four-cuspidal epi-cycloid. 


'' ' HYPO-CYCLOiDS AND ^EPICYMDS ' - ' Í 

‘ Theorem XXI: The six tangents drawn to a four-cuspidal 
epi-cycloid from a point A on its circum-circié ate paralíel to 
suitable tangeiíts from the set of six tangents:'drawn from the 
diametrically opposite point B of that circle. ■ - 

Theorem XXII: The contact points of tlie six tangents 
(Jrawn to a four-cuspidal epi-cycloid from a point ,A on its circum- 
-circle,are,diametrically oppposite' tothose ofthé tangents drawn 
from a diametrically opposite point B of that circle.' '' ; 

Theorem XXIII: If the -line joining two point M,M’ of a 
four-cuspidal epi-cycloid passes through its centre O, their p^ra- 
raeters should differ by 180°. 

Theorem XXIV : If two points M,M’'on a-four-cuspidal 
epi-cycloid are such that the lines joining them with the centre 
are perpendicular, their parameters should differ by 90° s- 

Theorem XXV: The four bi-tangents of a fo.ur-cuspidal 
epi-cycloid which are paralíel to its axes are . situated at a 
distance 3 R VT from the centre of the curve and their contact 
points correspond to the parametèr valüeà (330.°,' 30.°), 
(60.°,, 120 “), (150.°, 210.“) and (240.°, 300.'^). ' 

Theorem XXVI: The four double points of theipolar reci¬ 
procai curve of a four-cuspidal epi-cycloid-with réspect to its 
çircúm-circle, which correspond polarly fo the foüri bi-tangénts 
p,arallel to the axes of the epi-cycloid, lie on thp^axes at a.distan- 
,ce equal to 4 R Vrfrom the centre., 

■' Theorem XXVII: A four-cuspidal'épi-cyclòid possesses 
four bi-tangents which are obliqúe with respect to its axes, they 
form a square with centre at the centre' of the curve and are 
paralíel to the bisectors of the axes meetíhg thèse lines at a-dis¬ 
tance 3 RVr 'from;the centre. ; ■: , ■ : 

' Theorem XXVIII: The four dóuble'points of the pòlar 
reciprocai curve pf a four-cuspidal epi-cycloid, 'corresponding to 
its bi-tangents pàrallel tò the bisectors of the symtnefry 'âxes, lie 

11 
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on these lines at a dístance from the centre eqaal to the diame- 
ter of the circum-circle. 

: Theorem. XXIX: The evolute of a four-cuspidal epi-cycloid 
is another similar curve which can be obtained ftom the given,, 
cpbcycloid by changing its radius of rolling circle R into 2/3 R' 
and by rotating it through 45.° 

Theorem XXX: The radius of curvatureof a four-cuspidal 
epi-cycloid at any point M is equal to the product of 1 °^ by the 

sine of the angle made by the tangent at M with the radius of 
the base circle to its contact point C with the rolling circle. 
It is also equal to 5/9 times the distance from the centre to the 
tangent at M. 

Theorem XXXI; The sum or the: difference of the radii of 
curvature of a four-cuspidal epi-cycloid at the contact points 
M’ 3 , M 4 of the two outer of the 5 equi-angular tangents drawq 
to a four-cuspidal epi-cycloid from a point A’ on its circum-cir¬ 
cle, is equal to the product of the radius of curvature at the con¬ 
tact point M of the middle tangent by twice the sine of I 8 .“. " 

Theorem XXXII: The sum or the difference of the radii, 
of curvature of a four-cuspidal epi-cycloid at the contact points 
M’a, M ’5 of the two next to the middle tangent among the íive 
equi-angular tangents drawn to the curve from a point A’ on its 
circum-circle, is,equal to the product of.the radius of curvature 
at the contact point M of the middle one by the sine of 54.°. 

Theõrem XXXIII: If M is a point on a four-cuspidal epi- 
-cycloid, t the respective tangent, ti and P are the polarly 
corresponding tangent and point on its polar reciprocai curve, 
this tangent is obviously perpendicular to the radius-vector 
of M. Reciprocally, the tangent t is perpendicular to the radius- 
•vector of the point P. 

Corolary: The radii-vectors of the points Pj, Pa, P 3 , P 4 , Ps, 
corresponding to the íive equi-angular tangents to a four- 
-cuspidal epi-cycloid drawn from a point A on its circum-circle 
are inclined one with another at an angle of 36°. 
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Theorem XXXIV: The polar angle of a point P on the 
polar reciprocai curve of a four-cuspidal epi-cycloid is such that 
its tan is equal to-cot of thrice the parameter of the contact 
point M of the corresponding tangent to the epi-cycloid. 

Theorem XXXV : The pedal curve of a four-cuspidal 
epi-cycloid with respect to its centre is an alongated epi-cycloid 
(epi-trochoid) generated by a circle with a radius equal to 3/5R, 
rolling outside another circle four times greater, the generating 
point being at a distance from the centre of the rolling circle 
equal to 5 times its radius. 

Theorem XXXVI: One of the involutes of a four-cuspidal 
epi-cycloid is another four-cuspidal epi-cycloid exactly similar to 
its evolute, but its radius of rolling circle is 3/2 times that of 
the given curve, or 9/4, times that of the evolute. 

Theorem XXXVII; The length of a four-cuspidal epi- 
-cycloid is equal to 40 times the radius of its rolling circle or 
10 times that of the base circle. 

Theorem XXXVIII: The area comprised within afour- 
•cuspidal epi-cycloid is equal to 30 times the area of the rolling 
circle, or 15/8 times that of thè base circle. 

Theorem XXXIX : The intrinsic equation of a four-cuspi- 
dal epi-cycloid is 9r‘=4 s (lOR-s) whete t is the radius of 
curvature, R is the radius of the rolling circle and s is the length 
of arc measured from one of its cusps. 

Theorem XL; If r is- the radius of curvature of a four- 
-cuspidal epi-cycloid at a point M and r’ is that of its polar reci¬ 
procai curve at the point P conjugate to M, the latter is expressed 
in terms of the former by the equation: 


20Vr (80R* + 9r“)f r 

„ 1___- where R is the radius ot 


01 i 

the rolling circle that generates the epi-cycloid. 
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, ■, T.heorem XLI : A four-cuspidal epi-.cycloid possesses the 
following Pluckerian characteristics: order = 10; class = 6 ; 
number of double points = 24 ; number of bi-tangents = 10;' 
number of stationary points = 12, number of stationary tan-, 
gents = 0. Its deficiency is equal to zero, since the curve is 
unicursal. i - 

^ Theorem XLII; The Pluekerian characteristics of the polar 
reciprocai curve of a four-cuspidal epi-cycloid with respect to 
its bircum-circle are: order - 6; class 10; number of dolible 
points —10; number of bi-tangents = 24; number of stationary 
points = 0; number of stationary tangents = 12. Its deficiency 
is equal to zero,,since the curve is unicursal. 

■ TheoremsXLIII: The intrinsic equation of a four*cuspidaK 
epi-cycloid when its arc-length is measured from a vertex (point"' 
of maximum radius-vector) is 9 r' ==4 (25R‘^ - s'), where r is 
the radius of curvature and R the radius, of the rolling circle. 

Theorem XLIV: The differential equation of a four-cuspi” 
dal epi-cycloid, in intrinsic coordinates, when the arc-length is 
measured from a cusp of the curve, is; 

dr 9r^-r4s® 

— - _ j. jg curvature. 

ds 18rs ‘ 


Theorem XLV: The differential equation, in intrinsic 
coordinates, of the most general family of four-cuspidal epi- 
■cycloids is: 


d 

ds 



= 0, where r is the radius of 


curvature and s is its arc-length measured from any point pn 
the curve. 


. Theprem XLVI: The differentiai equation, in cartesian 
coordinates of the most general family of four-cuspidal epi- 
-cycloids is: 
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d -(1 + y’')* í 19 3 (l+y’')y’'’\^ 

-^- 1 + L- y--- 

dx- y”2 ( \2 2 y”' / 


= G 


where y’, y’’, y” ’ are the Ist, 2nd, 3rd derivatives of y with res¬ 
pect to x. 


Theorem XLVII: The differential equation, in polar co- 
ordinates, for a general family of four-cuspidal epi-cycloids with 
a given radius R of.the rolling circle, if the pole is kept at the 
centre of the curve, but with arbitrary direction of the initial 
cuspidal tangent, is: 


■■■' /dr^=* I 2\' r®(36R'-r2) 

™. = „ ---where r is the radius-vector 

)d0/ 13/ r“ - 16R® 

and 0 is the polar angle. 


Theorem XLVIII: The differential equation, in polar cò-i 
ordinates, of'a general family of four-cuspidal epi-cycloids of' 
any radius of rolling circle and arbitrary direction of initial cus-, 
pidal tangent, when the centre is taken as pole, is: 


d - r“ (r4-r’^) - 26 

_ ——.— _ J.J.I ^yi^efe r is the radius- 

dO - r» ^ 5 

-vectpr and 0 is the polar angle. 


Chapter VI 

Some additional properties of tri-cuspidal 
and four.cuspidal hypo.cycloids 

In this Chapter we shall develop a few additional properties 
of tricuspidal and four-cuspidal hypo-cycloids by stating 15 more 
Theorems besides 118 which are published in my paper on “ So¬ 
me prope rí iqs of tri-cuspidal and four-cuspidal hypo-cycloids.’!', 
of ítovember 1963, . :> , i 
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Theorem CXIX : The caustic by reflexion of a tri-cuspi- 
(Jal hypo-cycloid for parallel rays to one of its cuspidal tangent 
is a four-cuspidal hypo-cycloid (asteroid), one axis ofwhichis 
that cuspidal tangent and the other axis is a perpendicular to it 
at 1/3 the distance from the centre of the given hypo-cycloid to 
the cusp, the radius of the rolling circle being equal to half of 
that of the tri-cuspidal hypo-cycloid. 


Theorem CXX : A tri-cuspidal hypo-cycloid possesses the 
following Pluekerian characteristics: Order~4; Class=s3 ; 
Number of double points=0; Numberof bi-tangents==l ;Num- 
ber of stationary points=3 ; Number of stationary tangents^O* 
Its deficiency is equal to zero, since the curve is uni-cursal. 

Theorem CXXI: The Pluekerian characteristics of the 
reciprocai polar curve of a tri-cuspidal hypo-cycloid with res- 
pect to its inscribed circle, are: Order==3; Class = 4; Number 
of double points ” 1; Number of bitangents —O; Number of 
stationary points = O ; Number of stationary tangents = 3. Its 
deficiency is equal to zero, since the curve is uni-cursal 

Theorem CXXII : The differential equation, in cartesian 
coordinates, of a most general family of tri-cuspidal hypo- 
-cycloidsis: 


d -{l + y’2)» 
dx - 


3y”“ 1 


-0 


where y’, y", y" ’ are the Ist, 2nd and 3rd derivatives, respec* 
tively of y with respect to x. 




Theorem CXXIII: The differential equation, in intrinsic 
coordinates, of a tri-cuspidal hypo-cycloid is,; 



í 

1 1 


9 + 

— f =0 where r is its radius of 
ids/ ) J . 


curvature and s the length of arc measured from any point of * 

the curve, 1 


Theorem CXXIV: The intrinsic equation of a tri-cuspidal 
hypo-cycloid when a vertex (periheliura) of the curve is taken 
as origin of arc-length, is; r^"õ4R‘* - 9 s^, where r is its 
radius of curvature and R the radius of its rolling circle. 

Theorem CXXV; The contact points Bi, Di, Ei of a set 
of three tangents separated mutually by 60® that can be drawn 
to a four cuspidal hypo-cycloid, from a point A on its inscribed 
circle, form an equilateral triangle with its side equal to thrice 
the side of an equilateral triangle inscribed in the rolling circle. 

Theorem CXXVI: The centre of the equilateral triangle 
Bi Dl El formed by the contact points of a set of three tan¬ 
gents separated mutually by 60 that can be drawn to a four-cus¬ 
pidal hypo-cycloid, from a point A on its inscribed circle, lies on 
the radius of this point and describes a circle concentrical to and 
with a radius equal to half the radius of the inscribed circle. 

Theorem CXXVII: The four-cuspidal hypo-cycloid pos¬ 
sesses the following Pluekerian characteristics: order = 6 ; 
class — 4; number of double points — 4; number of bhtan- 
gents = 3; number of stationary points — 6; number of sta¬ 
tionary tangents = 0. Its deficiency is equal to zero, since the 
curve is uni-cursaL 


Theorem CXXVIII : The Pluekerian characteristics of the 
reciprocai polar of a four-cuspidal hypo-cycloid with respect to 
its inscribed circle are: order == 4; class =* 6; number of dou- 
ble points = 3; number of bí-tangents—4; number of sta¬ 
tionary points = 0 ; number of stationary tangents — 6. Its 
deficiency is equal to zero, since the curve is uni-cursal 


Theorem CXXIX: The differential equation in cartesian 
coordinates, of the general family of four-cuspidal hypo*cycloids 
is: 


d -(1 +y’*)* 
dx - y"® 


1 + 


f y 


-4 - 




= 0 
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Theorem: CXXIX: The intrinsic equation óf 
daí hypo-cycioid, when a vertex (perihelion) is taken as origin 
óf arc length, is 

r» ^ 64R‘* " 9s® where r is its radius of curvature and R 
the radms of its rolling circle. 

theorem CXXX : The differential equation, in intrinsic 
coordinates, of a four-cuspidal hypo-cycloid is; 

' d ' ( /dr\“ ) 

_ ,.2 ; 4 + j ~ > =0 where r is its radius 

’ ' ds ( ' ds/ ) 

of curvature and s the length of are measured from any point 
of the curve. 

' ■ Theorem CXXXI ; The intrinsic equation of a four-cuspi¬ 
dal hypo-cycloid, when a vertex (perihelion) is taken as origin 
of arc length, is: 

4 ( 9R^ - s® ) where r is its radius of curvature and R 
the radius of rolling circle. 

:. Theorem GXXXII: The differential equation of a four- 
-cuspidal hypo-cycloid, in intrinsic coordinates, when its arc 
lengths are measured from a cusp, is: 

dr r® " 43 “^ . where ris the radius of curvature. 

, • ds 2r,s 

Panjitn, Goa, March 1964. 
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1, Introductioii 

As the fields of atomic physics and nuclear engineering 
broaden and deepen into cotnplex specialities, the need— p,ara- 
doxically—becoraes ever greater for a larger number of techni- 
cally informed non-specialists. Such persons— often administra- 
tors or engineers who are themselves specialists in other fields 
— must know the fundamentais of atomic structure, the source 
of nuclear energy, the principies of radioactivity and the disposal 
of radioactive wastes. 

This paper is intended specifically for those who are situated 
at the rim of the atomic circles, rather than for those who are 
specialists in these fields. There is nothing in this paper which 
might be called original, but an eífort to sumraarise the varied 
techniques, lately evolved for the disposal of radioactive wastes 
which constitute a serious hazard for public health; it is inten¬ 
ded here to point out the basic principies governing the varied 
techniques of disposal of radioactive wastes. 

The wastes resulting from operations of the atomic energy 
industry are considerably different than the classical wastes from 
other industrial operations or the domestic sewage. These 
radioactive wastes are not ordinarily perceptible nor are they 


() Paper read at The Institute on 29th June 1964. 
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objectionable to the senses as are the wastes of certain industrial 
operations. Xhese wastes have, in normally expected concentra- 
tions, no imraediate effects on aquatic plants or animais similar 
to those resulting from exposure to toxic Chemicals. In fact, 
some organisms, notably algae, appear to thrive in the preseiiee 
of certain radioactive wastes. Xhese is no transmission of disease 
such as typhoid and dysentery which may be spread by domes- 
tic sewage. 

The effects are more subtle, but none the less important. 
Large doses can, of course, cause relatively early injury and 
possibly deatb. Concentrations to be expected in normal waste 
disposition would do neither. Long periods of exposure would 
be required before manifestation of any injury. 

The hazard is enhanced by the fact that no treatment except 
natural'decay will reduce the activity of these substances. They 
can hot be neutralized as are acid wastes or stabilízed by biolo- 
gical treatments. All treatment processes, other than natural 
decay, result in a solid, gaseous or more concentrated liquid 
waste coritainingquantities ofradioactivity; thegain lyingonly 
with the volume of wastes that have to be stored or handled. 

Withthe development of nuclear reactors for power purpo- 
ses and the tremendous quantity of radioactivity that will be 
produçed as íission products from the operation of these power 
reactors, the problera of handiing and disposition of these hazar- 
dous wastes to human life, must be solved providing complete 
safety for the public in general. 

> Original :thinking and experimentation are still needed 
in order .to obtain practical anawers as to the corrective mea- 
suresthat can be applied in future situations involving radiolo- 
gical contamination. 

JI. Sottpces of Radioactive Wastes 

Radioactive wastes produçed in the atomic energy industry 
or by isotope users, may be gaseous, liquid or solid. The hand- 
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ling or treatment of these wastes frequently results in additional 
problems. For instance, incineration of contaminated refuse 
from radiation laboratories may produce aerosols and gases that 
are radioactive. Sirailarly, decontamination of gaseous wastes 
by liquid scrubling produces liquid wastes that are radioactive 
and may require additional treatment. 

The principal sources of radioactivity may be listed as 
folio ws ; 

(1) Mining, reíining and purifying naturally occuring 
radioactive materiais i. e., radium and uranium 
ores; 

(2) Nuclear reactors for: 

a) Plutonium production, 

b) Power production, and 

■ c) Research and miscellaneous uses; 

(3) Wastes from physical, Chemical and biological 
research laboratories; 

(4) Wastes from hospitais, using radioactive isotopes 
for diagnosis and therapy; 

(5) Radium industry; and 

(6) Nuclear weapons. 

In the raining, refining and purifying of naturally occuring 
radioactive ores, the wastes may be formed as aerosols and as 
liquid wastes from wash downs, as well as from purifying 
processes. These wastes are of low-activity leveis and in fact are 
usually more toxic from the Chemical point df view than from 
their radiological aspects. 

The operation of nuclear reactors provides the major source 
of radioactive wastes at the present time. These wastes derive 
from three sources: 






94 BOLETIM DO INSTITUTO MENEZES BRAGANÇA 

First, the pile coolant which may be either air or water in 
an open cycle System. In the case of air-cooled reactor, the air 
is cooled prior to passing through the core of the reactor. 
While in the reactor core it is subjected to nentron activity and 
hence will have soiiie iieatron induced activities present in the 
gaseoas state. Before leaving the reactor, the air is íiltered 
again before discharge through a highstack. Components of air 
which may be radioactive are radioactive isotopes of argon, 
carbon, xenon and krypton. AU of these are of a low order 
of radiotoxicity and,hence do not present any major problem in 
treatment that cannot be cured by regulating operation in 
accordance with meteorological conditions. 

Water is used as coolant for some reactors. This water is 
treated prior to use to remove suspended matter, but the dissol- 
ved salts in the water are activated by exposure to the nêutron 
flux. Most of the induced activities are of short half-life with 
the longest prominent half-life being that of The water is 
held in retention basins to allow for decay prior to returning it 
to the river. Should a fuel element rupture, the contaminated 
water is diverted and not returned directly to the river. 

The second source of wastes from the operation of reactors, 
and the one which produces the major portion of all wastes 
produced at the present time is that produced by the radioche- 
mical Processing of nuclear fuel elements. In the operation of 
nuclear reactors, the fuel elements must be processed at intervals 
to remove the “clinkers ”, which are the fission products. The 
fuel element is usually dissolved in acid solution and the fuel 
recovered through solvent extraction or precipitation. In the 
process of dissolving the jacketed fuel elements, radioactive 
iodine is given off as a volatile component. The remaining 
solution contains highly radioactive fission products. The gase- 
ous and liquid wastes from this radio-chemical processing must 
be treated prior to release. 

In addition to these two main sources of wastes from reactor 
operation, there are also miscellaneous airborne, liquid, and 
solid wastes resulting from the operation of associated laborato- 
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ries and research projects ; contaminated washes, cell drainage, 
laundry wastes, etc.. However, the major portion of the waste is 
due to the radiocheraical separation process. It has been esti- 
mated that approximately 10'' caries of activity would be pro¬ 
duced by a power reactor per megawatt-day of operation. 

Wastes from hospitais, industry, and research laboratories 
using isotopes are primarily of low order of magnitude and 
constitute a range of airborne, liquid and solid wastes. Hospi¬ 
tais are using, primarily, iodine-131 and phosphorus-32 which 
are of short half-life, and hence provide rainiraum problems of 
disposal. Research laboratories will produce wastes containing 
various isotopes depending upon the area of work. Industry is 
using several isotopes in research, and mixed fission products 
may be used in the future although they are not as yet bémg 
used on a significant scale. 


III. Methodi» ®f Disposal 

At present, there are two general philosophies governing the 
disposition of radioactive wastes. The first is The philosophy 
of dilution and dispersion (known also as D raethod). That is, 
the reduction of the concentration of radioisotopes by carrier 
dilution or dilution in receiving médium to the point where the 
isotope or mixture of isotops can no longer be reconcentrated 
to hazardous levei. Disposal by this method dependa upon the 
characteristics of the wastes and of the receiving body. Where 
dilution and dispersion are not feasible, the second philosophy of 
rodioactive waste disposal is utilised; this is the process of 
concentration and confinement (known also as C method). 
Procedures under this philosophy entail the reduction m volume 
of wastes and subsequent storage either for decay purposes,, or 
permanently because of their high order of radiotoxicity or the 
lack of receiving a body for dilution purposes. Most of the treat¬ 
ment methods discussed are actually methods of concentration 
which may be grouped under this second philosophy. 
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A Air Borne Waste* 

The two philosophies of waste disposal for radioactive 
materiais can be applied to the treatment of air-borne wastes 
through ventilation (ditution) and decontamination (concentra- 
tion). Ventilation would include discharge from hooded opera- 
tions to the atmosphere uiider conditions which provide dilution 
to safe limits, In the case of air cooled reactors, the height of 
a discharge stack is established on the basis of meteorological 
conditions in the area, the distance to areas to be protected, and 
whether or not the plant must be operated continuously or 
intermittently. Where conditions are suitable the equivalent of 
stack height in release of air-borne effluents may be obtained by 
increasing their temperature. Radioactive gases from Chemical 
separation processes include oxides of nitrogen, iodine, and 
xenon. Nitrogen corapomids can be removed by scrubbing or 
by oxidation, (concentration process), the iodine; ioyféaction 
with silver nitrate under suitable conditions, and the noble gases 
by dilution (ventilation) or by complicated adsorption pro¬ 
cesses. 

Sub-micron particulates in air-borne effluents may contain 
signiíicant amounts of radioactivity. These may be handled by 
decontamination techniques, selection of which is determined by 
the particle size distribution of the air-borne waste. Standard 
separation techniques are used for these purposes. The techni¬ 
ques include the use of settling chambers, filters, scrubbers, 
mechanical or centrifugai separaters and electrostatic and ther- 
mal precipitators. Where the temperature of exhaust gases is 
jower than 275.°F, high efficiency filter media of craft paper and 
asbestos fiber in wooden frames are used, If air temperatures 
are higher, the filter media used are made eíther of all glass fiber^ 
or of glass and asbestos fiber, housed in metal holders. These 
high efficiency filters have a removal efficiency of 99.95"^ (de¬ 
contamination factor of 2,000) for particulate material as small 
as 0.3 microns. 
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B. Li^nid Wastes 

Methods for the disposal of liquid wastes uan be classified 
as physical methods, Chemical methods, biologicaí methods, or 
combinations of these. The physical methods include dilutior^ 
in sewers and strearas, storage either for decay or more or les^ 
permanent burial, and evaporation to reduce the bulk of naate?v. 
rial to be handled. ■ 1 

Dilution in sewers and streams may be acomplished eithet 
with the volume of water as a diluent or by using stable counter,- 
parts. of the radioactive isotopes as diluting material. The phi- 
losophy governing this procedure is to reduce the concentration 
of radioactive material to that point where it can no longer 
constitute a signiíicant hazard either directly to humans or i,n- 
directly through aquatic life. This dilution must takes into con- 
sideration the concentration of certain matérials that takes place 
in various forras of aquatic life. Algae, for instance, have been 
known to concentrate radiophosphorous by factors as higíi as 
10.5. 

Evaporation has been used to treat high-level low volume 
wastes to reduce the volume of liquid for storage. It is custo- 
mary to store high levei and valuable radioactive waste residues 
in underground tanks pending developraent of feasible andmco- 
nomical treatment and recovery methods. The cost of tank. 
storage is somewhat high, hence, the use of evaporation to redu¬ 
ce the volume of wastes to be stored is, in certain cases, a neces- 
sary adjunct to the handling procedure. The evaporators desig- 
ned for this purpose must include devices to prevent entrain- 
ment and carryover of radioactive contaminants to the distillate. 
Apparently evaporation cannot be economically used for high-vo- 
lume low-activity wastes. 

Evaporation gi ves rise to a more concentrated liquid or 
sludge which must be. handled in some manner. If the material 
is of shbrf high-life, storage for decay, may be employed. This 

13 ’ '■ 
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is the only final method of disposal, More frequentiy, however, 
Waste liquids are mixed with cement \!o form a concentrate wliich 
is buried underground or at sea. Groutid or sea burial must 
be accomplished with consideration of various environmental 
factors. In ground buria), conditions of ground water, soil aci- 
dity or allcalinity, etc., must be noted as well as long term con- 
troí being maintaíned over the burial site. Sea burial has been 
wrdely utilised, Generally, the material in the form of concrete 
blocks or concrete, filled oild drums has been buried in depths 
of approximately 6,000 feet, It is felt at present, that too lit- 
tle is known about the oceanographic conditions to permit wide ' 
scale dumping of radioactive wastes at sea, since when thís is 
done, long term control over the wastes is relinquished. 

Chemical methods of radioactive waste treatment arepri- 
marily concentration techniques to reduce the volume of wastes 
to be stored or handled. The techniques currently in use inclu- 
de : carrier precipitation or coagulatíon; ion exchange ; and ad- 
sorption on selected media. 

Since the concentration of most radioisotopes is below that 
at which a compound becomes insoluble, straight precipitation 
of carrier-free radioisotopes is impossible. The technique utili¬ 
sed , is to precipitate the stable form of the particular isotope 
and carry down with this formed precipitate the insoluble com¬ 
pound of the isotope. This process known as carrier precipita, 
tion can be used for the separation of strontium, radium, etc, 

A similar process in which a preformed precipitate is utilised 
to carry down soluble radioisotopes is the process of coagulatioh 
which is familiar to water treatment personnel. In this latter 
process, alum or ferric salts are employed. The extent of remo- 
val depends upon the chemical form of the isotope and the other 
constituents of the waste. Those isotopes which are complexed 
by complexing agents or detergents may not be eíFectively pre- 
oipitated by these processes. In any case, the radioactivity 
is transferred from the liquid phase to a sludge which must be 
further processed. 
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. , Ion exchange is utilized for the treatment of large ;volume,,, 
low-activity wastes where the radiomaterial is available in.ionio t 
form. These exchange resins,. widely used for water deminerali'^,, 
zation are quite effective in the decontamination of waste liquids, ? 
although the regeneration of these exchange beds usually give,. 
rise to waste that is difficult to handle. For this reason, exchange ^ 
beds used for lhe decontamination of radioactive waste liquids, ■ 
are usually run to exhaustion and then treated as a solid waste. 
Decontamination factors of as high as 10* have been achieved 
using ion exchange units, although ruthenium, a prominent fis- 
sion product, is not readily absorbed by these agents, 

Adsorption on the surface of particular agents has been 
employed for the decontamination of large-volume low-level 
Waste liquids. These agents inciude, activated carbon, metallic 
powders such as powdered aluminiura and iron, and claysof ' 
particular types. In this regard the use of clays for the decon¬ 
tamination of waste liquids promises to hold a solution to some’ 
pf the most pressing waste disposal problems. It has been found 
that certain clays, montmorillonite and kaolinite, have the abili- ' 
ty toadsorb relatively large quantities of radioisotopes from’ 
solution and upon íiring can be so changed in cristalline struc-' 
ture as to retain indeíinitely the adsorbed material, This fact 
itis hopedwill provide a cheap médium for the concentration 
and confinement of materiais removed from waste Solutions. 
The adsorptive properties of clay have been utilized for sçveral 
years in seepage pits. Moderate activity levei wastes. are empr,^ 
tied into these pits which allow the liquid phase to pereolate 
through the soil, while retaining in the- imnaediate vicini^y , 
ofthepit the radioactive constituénts adsorbed ontq the clay. 
particles, ^ • 

The utilization of biological treatment techniques has been > 
found to be feasible in seyeral cases particularly in those: eases. 

, where the radioactive material is bound with a complexing agent’ 
or detergents as in "hot” laundry wastes.: Tricklmg hlters, 
are in use for the purpose of treating contaminated laundry- 
wastes. The activated sludge process is.also beinguçed to.íreat; 
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liquids in which the material, in this case, a heavy metal waste, 
is in a complexed form. These complexes whích wonld not be 
removed by Chemical treatment can be broken down and the 
radioactive material recovered on the biological floc when using 
bíochémical treatment. Decontamlnation factors for biological 
treatment are generally low, usually not exceeding one hnndred, 
The main appiication of biological treatment is for those wastes 
which are of high-volume and low-activity. Work is being done 
to determine the effectiveness of algae in symbiosis with the 
wastes for Temoval of radioactive materiais from liquids. At 
present, resuits are inconclusive but tend to indicate that under 
proper operating conditions the removal efificiencies may ap* 
proach those of the previousiy mentioned biological treatment. 
No raatter what biological treatment technique is utilized, the 
activity which is transferred from the liquid phase ends up as 
síudge which, must be handied in some manner. Corabinations 
ofseveral of these techniques are in use to solve specific pro- 
blems. Chemical and biological treatment have been used in 
series, and storage, a physical method of treatment, is quite frc’' 
quentlj^ the end process for some of the chemical and biological 
sludges, or solid wastes that may be produced. 

C. SoUd Wastes 

Dísposition procedure for solid wastes which may coiisist of 
cto'ses,'laboratofy glassware, contaminated apparatus, etc,, is' 
generally óía^sífied ín onè of three ways. The material may’be 
deeontamifiâted'a‘tíd rôüsed, in which case the decontamination 
process will probably result in the creation of a liquid waste • 
incmeration under carefully cõntrolled conditions to provent thj 
esçape of wolâble activity may be utilized if the material is 
com.bustible ;,or if neither of these are feasible, storage for decay 
OT- ^torage of perraanent nature may be utilised. At present 
buriaJ qf dense materiais has also been accomplished at sea! 
after encasementin concrete. Baling, prior to burlai to achieve 
a volume reduction is also extensively practiced. 
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IV. Coiiclnsioiis 

Some of the sources of radioactive wastes have been indi- 
cated. By far the most important waste to be considered at 
present is that resulting ^om the radiochemical separations of 
fuel elements from fission products in the operation of reactors. 
With the advent of nuclkr reactors for power purposes in the 
near future, the creation pf íission products of staggering quan- 
tity will provide a major obstacle insofar as waste disposal is 
concerned. 

There are two philosophies of waste disposal, one of which 
is dilution to non-hazardous leveis and dispersion to the en viron- 
ment, and the second is concentration and confinement. Most 
treatrpent methods are methods of concentrating the waste to 
minimize the volume and bulk of material to be stored or further 
handled. The only “permanent treatment’’ is decay; the only 
perraanent disposal technique to date is burial at sea or in the 
ground, and questions have aiisen as to the feasibility of relin- 
quishing long-terrn control over these hazardous materiais in the 
absence of suíficient informatlpn; as to their ultimate fate. 


Panjim, 21st June, 1964. 
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Anunciaram há pouco os jornais que, segundo os esclareci¬ 
mentos prestados ao público pela Polícia de Goa, a frequência 
de crimes praticados neste Território nos primeiros semestres 
dos últimos três anos consistia no seguinte: de Janeiro a Junho 
de 1962 houve 8 casos de assaltos, 9 de assassínios, 37 roubos, 
10 motins e 94 espancamentos. No igual período de 1963 
registaram-se 3 assaltos, 4 assassínios, 2 roubos, 9 motins e 
49 espancamentos. Durante o mesmo período do ano corrente 
registaram-se as seguintes variedades; 1 assalto, 6 assassínios, 
55 roubos, 10 motins e 91 espancamentos. 

Dessa estatística criminal incompleta e deficiente por .se 
limitar apenas aos primeiros seis meses do ano, visto haver 
crimes relacionados com as estações do ano como se pode verifi¬ 
car nas estatísticas publicadas pelos criminologistas europeus e 
americanos, a primeira impressão que ressalta é que desde a 
libertação de Goa a onda do crime foi crescendo de uma forma 
assustadora, talvez devido à suposição da parte dos malfeitores 
de que a liberdade garantida na Constituição política do país 
tinha alargado desmedidamente os limites da liberdade indivi¬ 
dual. Mas, supondo que assim tivesse acontecido nos primeiros 


(^) Conferência feita um 12 de Setembro de 1964. 
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momentos da brusca mudança do sistema político com a trans¬ 
formação de súbditos do regime colonial em cidadãos livres de 
um país livre, que se arvorava em campeão da libertação de 
todos os povos oprimidos, tinha já, mesmo assim, decorrido 
bastante tempo para o Governo no poder coibir todos os abusos 
por intermédio dos órgãos repressivos de que dispõe e garantir 
em absoluto a defesa social. 

O distinto advogado parisiense. Marcei Bloch, (^) no seu 
interessante estudo intitulado La lutte conire le crime, escreveu 
0 seguinte: “ Pour combattre uUlement k crime il fauU le defi¬ 
nir, II faut atmi s^éfforcer de prevenir et de guêrir le crime 
comme on lutie conire la tuberculose, firéventivement et par des 
soins curatifs 

Depois que as modernas doutrinas da biologia criminal 
rejeitaram a concepção lombrosiana de um tipo ou fácies antro¬ 
pológica definida e específica de um criminoso,, o crinae ou. a 
tendência delinquencial não pode ser considerada um, atributo 
privativo de indivíduos com uma determinada característica 
somática. Se é que há delinquentes que são física e psíquica* 
mente anormais, outros há que não se diferençando era nada 
dos indivíduos normais, são contudo impelidos para q crime poí 
circunstâncias alheias à sua vontade, como, por exemplo, devido 
à sua educação defeituosa e incorrecta, mau ambiente familiar 
e social, intoxicações várias, etc. Observa muito bem o Prof. 
Mendes Corrêa: (^) “ Não deixa de haver em alguns homens 
maior predisposição para os actos delituosos do que noutros- 
Isto não quer dizer que haja um tipo de delinquente nato; todos 
nós somos virtualmente delinquentes natos, embora uns com 
mais intensidade do que outros 

O ilustre Prof. da Escola de Polícia Científica de Roma, 
Dr. Benigno di Tullio, (®) explica o que ele denomina “ constitui^ 

(1) Míií'cel S/ocft—La lutte contre le crime. 

(2) Mendes Corrá»—Nova Antropologia criminal. 

(3) Beniéno di Tm1/ío — Manuale di Antropologia e Psicologia Cri- 
minale. 
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çao delinquencial ” nos segnintes termos; " é a parte do indivt 
dno qne é formada de caracteres hereditários e originários 
(genotipo e ideotipo) e é sempre bem diferençável das carac¬ 
terísticas que se adquirem em consequência do ambiente e as 
quais são por isso condicionais, ou adquiridas ou secundárias’’. 
Daqui resulta que o crime deve ser considerado, de um modo 
geral, como um produto da acção de duas ordens de factores: 
próprios da natureza do indivíduo (intrínsecos ou endógenos) ou 
alheios a ela (extrínsecos ou exógenos). Uns e outros, isolados 
ou combinados, geram o crime. A acção isolada de um factor 
intrínseco ocorre nas psicopatias graves assim como a acção iso¬ 
lada de um factor extrínseco ocorre nas intoxicações graves, 
como, por exemplo, no amock, de que Stefan Zweig nos dá uma 
descrição magistral. Nos casos em que o crime for uma resul¬ 
tante da acção combinada, em proporções variadas, dos dois 
factores, verifica-se a fórmula de Listz, (^) expressa nestes ter¬ 
mos : O crime é o produto do carácter do criminoso e das cir¬ 
cunstâncias que 0 rodeiam 

Conhecem-se várias definições do crime. Durkheim, (A) 
nos seus estudos de ciência social, declarou que “ todos os factos 
punidos pelas leis escritas ou pelo costume da sociedade impor¬ 
tavam um crime Mas as leis, que representam a codificação 
dos costumes, estão sujeitas à alterações de acordo com a evolu¬ 
ção social. Por seu turno Maxwell, (®) no seu livro O crime e a 
Sociedade diz que “para haver culpabilidade é necessário não 
só cometer-se uma acção punida pela lei mas ter ainda querido 
cometê-la conscientemente Essa definição parece querer isen¬ 
tar de culpabilidade toda a infracção cometida sob coacção ou 
por demência. Excluídas essas duas circunstâncias,.uma intrínr 
seca e outra extrínseca, a infracção seria de atribuir ao livre arbí¬ 
trio do seu autor. Mas, há mais de um século, a teoria do livre 
arbítrio foi posta de parte, após uma acalorada e prolongada 

Cit. de Ernst Seelig in Manual de Criminologia. 

Dufkhein — La Science sociale. 

]< Maxmll — O crime e a Sociedade. 


(4) 

(5) 

( 6 ) 
14 
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discussão em que se envolveram no debate os mais afamados 
filósofos da segunda metade do último século, e substituída, nas 
ciências de experimentação e observação, pela do determinismo 
científico, em vista das notáveis investigações do biologista Fé- 
lix le Dantec e fisiologista Claude Bernard. Porém, a definição 
que,parece abranger quase todos os aspectos das práticas delin- 
quenciais é decerto a de Lorilloz (^) que, no seu livro Cfime et 
Sociêté, 0 definia nestes termos: “Um crime é todo o acto que 
tem por fim obter, por qualquer processo, pela astúcia ou pela 
violência, por actuação ou por abstenção, ventagens egoistas, 
económicas ou morais, ou satisfações pessoais, normais ou anor¬ 
mais, mórbidas ou sãs, em prejuizo dos seus semelhantes, cau¬ 
sando-lhes um dano real 

Foi justamente por se ter considerado o crime como reali¬ 
zação de actos nocivos e prejudiciais para os agregados humanos 
■ou sociedades, que se estabeleceram desde tempos imemoriais 
vários processos de defesa social, desde a velha pena de Talião 
até os modernos códigos penais, os quais vão decerto sofrendo 
constante evolução para estarem de harmonia com as doutrinas 
prevalecentes no domínio da ciência criminal. Certo é que os 
meios de defesa social não podem limitar-se apenas a uma repa¬ 
ração moral à sociedade ofendida nos seus direitos, porquanto 
•é facil de prever como essa reparação seria provisória e, por 
•conseguinte, bastante precária, se o delinquente fosse um profis¬ 
sional do crime ou um recidivista! Expiada a pena ele voltará 
inevitàvelmente ao cometimento de delitos se a prevenção do 
crime o não vigiar e o não impedir na realização dos seus 
nefandos intentos. 

Não será necessário decerto insistir nos graves inconvenien¬ 
tes do critério objectivo na repressão penal sem ter em devida 
conta a constituição delinquencial, Um delinquente, reincidente 
moamrimes pouco graves, veria reduzidos a curtos espaços de 
tempo os períodos da penalidade imposta. Mas, o simples facto 


( 7 ) A. Lorillo» Crime et Société. 
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de se tratar de ütri recidivistá incorrigível, torna-o socialraente 
perigoso por se tratar de um delinquente por' temperamento. 
Para esse tipo de criminosos os cárceres do Estado ofereceriam 
uma vilegiatura económica e poderiam, até certo ponto, consti- 
tuir hospedarias ideais, onde não lhes faltaria o pão de cada 
dia sem trabalho de espécie alguma e não lhes seria recusada 
a assistência medica em caso de doença, enquanto uma pessoa 
honesta cá fóra, terá de suar em estopinhas para prover honra¬ 
damente ao próprio sustento e da sua família, dando-se então 
esta situação paradoxala sociedade, que exige o encarcera- 
mento do delinquente para reparação da ofensa cometida, passa, 
ela própria, a sustentá-lo ... de graça! Para obviar a esses in¬ 
convenientes importa tomar era devida consideração dois facto- 
res indispensáveis para os efeitos da repressão criminal eficaz:—' 
a personalidade do delinquente e a individualização da pena. 

O estudo da personalidade do delinquente é o objectivo dà 
ciência conhecida com o nome de Biotipologia que, na definição 
do Prof. Nicola Pende (®), “ tem por fim estudar pelo m'étodo, 
de correlações todo o complexo de caracteres somáticos e psí¬ 
quicos que diferenciam nas suas manifestações vitais uma indi¬ 
vidualidade humana da outra ”. A individualização' da pena 
conduz naturalmente a uma justa punição do criminoso, por¬ 
quanto, para o mesmo delito, a pena terá de ser diferente, isto 
é,,graduada conforme a temebilidade dos delinquentes, no dizer 
de Garófalo. 

Várias têm sido as classificações dbs criminosos propostas 
pelos mais eminentes criminologistas. Segando Maxwell (®) os 
criminosos podem ser agrupados era dois grupos fundamentais: 
habituais e ocasionais. Esses por sua vez se subdividem, de 
acordo com as suas práticas delinquenciais, em 19 tipos, assim 
descritos resumidamente : 


(8) ~ Nicola Pende — Trattato di Biotipologia Umana. 

(9) “ /. Maxwell — O crime e a Sociedade. 
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I Congénita 


lU — Adquirida 


' 1° Alienados criminosos 
2* Criminosos natos de LombrosO 
' 3® Amorais 
4o Vadios e mendigos 

(5“ Pervertidos 
] 6° Débeis 
(T Exaltados 



IlI—Por necessidade 
fisiológica 


IV—Por necessidade 
psicológica 


V”Por estado afee* 
tivo 


VI—Por sentimentos 
psico-sociais 


í 8° Fome 
1 9° Miséria 

f 10® Sexualidade 
11° Alimentação e bebedeira 
j 12° Abrigo, vestuário 
j 13° Amor (dominados ô domina- 
I dores) 

[14° Ciurae, Fraude 

(15° Cólera 
] 16“ Ódio 
C17° Vingança 

C18° Individuais (Honra) 

< 19° Colectivos (Religião, Política, 
( Seitas, Superstição) 


O prof. Ernst Seelig, (^°) do Instituto de Criminologia de 
Graz, combinando as particularidades da disposição criraino- 
génea da personalidade no momento do crime (maneira de ser 
caracterial) com as características do seu comportamento habi. 
tual, organizou 8 agrupamentos assim distribuidos; 

1° — Criminosos profissionais refractários ao trabalho 
2° — Criminosos contra o património por pouca resistência 
3® “ Criminosos por agressividade 
4° “ Criminosos por falta de domínio sexual 
5® —Criminosos por crise de puberdade, etc* 


(10 ) Enmt Seeliè “ Manual de Criminologia, 
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6°^Criminosos por reactividade primitiva 

7® — Criminosos por ideologia 

8° — Criminosos por falta de disciplina sociál 

O l.° tipo abrange as seguintes variedades: vadios; rufiões; 
traficantes de raparigas; prostitutas; chantagistas profissionais; 
salteadores; ladrões e gatunos; cavalheiros de indústria; viga¬ 
ristas e burlões ; videntes e charlatães ; falsificadores de docu¬ 
mentos e notas de banco; contrabandistas e negociantes do 
mercado negro. 

O 2.® tipo compreende: funcionários desonestos; empre¬ 
gados infiéis; autores de desfalques, negociantes desonestos. 

O 3.° tipo abrange: desordeiros; faquistas; assassinos 
agressivos; megera ou a mulher que se inclina para sentimentos 
de ódio, 

O 4.° tipo abrange: o violador; o incestuoso; o exibidonis- 
ta; 0 sádico; o masoquista; o homosexual; o fetichista. 

5.“ tipo abrange: o burlão de seguros ou o incendiário dos 
seus próprios bens; assassinos por amor não correspondido ; 
assassinos de amantes grávidas; assassinos da família por misé¬ 
ria e amor; envenadoras da maridos detestados; infanticidas. 

O ó'* tipo abrange o assassino da família por ódio acumu¬ 
lado ; vingativo cego de raiva; o criminoso por nostalgia do lar; 
p incendiário por piromania. 

O 7° tipo abrange: o sectário religioso; os autores dé 
atentados políticos; o adepto da eutanásia. 

O 8.' tipo abrange: o transgressor do trânsito; o transgres¬ 
sor das prescrições do tempo da guerra; o fumador imprudente, 
etc. 

Como é fácil de compreender nem todas as modalidades 
criminológicas poderiam ser enquadradas a rigor nos oito tipos 
descritos. Por isso o autor descreveu um tipo acessório ou misto, 
que abrangeria os caçadores furtivos, os comparsas em crimes 
políticos, como revoluções, pilhagem, etc., as testernunhas falsas, 
os aventureiros sem escrúpulos e os falhados a cujo respeito es- 
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creveu Gustave L,e Bon' (“)'o seguinte: “ É nessa le'giã'o de espí¬ 
ritos desapontados, desclassificados, falsos, que se recrutam os 
homens sem vontade firme, sem carácter, sem qualquer inicia¬ 
tiva útil e incapazes de empreender seja o que for sem a protec¬ 
ção do Estado ”, pois o falhado, quando não é um pobre desilu¬ 
dido, é, às mais das vezes, um exacerbado, um revoltado contra 
0 próprio destino.” 

A ciência criminológica, até meados do século XIX, limi¬ 
tou-se unicamente à aplicação estrita das leis penais e os juizesi 
apreciando objectivamente a gravidade dos factos, graduavam 
a pena dentro dos limites prescritos nos códigos penais. Porém, 
na segunda metade daquele século, o Prof. de Medicina Legal, da 
Universidade de Turim, César Lombroso, impressionado 
com os estigmas degenerativos de alguns criminosos, iniciou nos 
cárceres do Estado uma investigação sistemática, sob o ponto 
dé vista anatomo-antropológico e criou um tipo de criminoso 
que ele denominou ” Puomo delinquente ”. Posteriormente 
Baer, (^®) na Alemanha, procedeu igualmente à investigações 
idênticas nas cadeias de Berlim e verificou que os seus ocupan¬ 
tes não se diferençavam da população não criminosa por qual¬ 
quer característica especial, e declarou não poder concordar 
com a teoria da fácies antropológica do criminoso nato como 
uma variante morfológica da espécie humana. Entretanto na 
Itália prosseguia-se com método e vigor na identificação psico- 
-somática dos criminosos, e foi isso que deu lugar à formação 
da ” Scuola Positiva ’’ dos juristas Garofalo e Ferri a 
que deram valiosa contribuição os estudos antropológicos dos 
Professores Mario Garrara e Salvatore Ottolenghi que foram 
os fundadores da moderna Antropologia criminal. Dentro 

(11) Gustave Le Bon - Psychologie de TEducation. 

(12) Cesare Lombmo — L’uome delinquente. 

(13) Baer — cit, de Ernst Seelig'. 

(U) R. Garofalo — Criminologia. 

(15) Enrico Ferri — Princípios de Direito Criminal. 
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daquela orientação o Prof, Ottolenghi propôs em 1920 a 
seguinte classificação dos criminosos; 

I— Delinquentes doentes mentais 

II— Delinquentes normais ocasionais 

I Delinquente nato 
f Por atitude 1 Criminaloide 
S f Permanentes ( congénita 

0 I •{ r Mal educado 

1 Por atitude ] Delinquente por 

III” [ adquirida ( hábito 

ü 

<ü 

g, r Por paixão 

jS [Temporários ... ..HjPor ímpeto de 

T ( emoção 


Em 1925 0 Prof. Louis Vcrvacc, (”) de Bruxelas, basean¬ 
do-se na causa ou etiologia dos delitos, propôs nova classifi¬ 
cação em que reuniu os criminosos em três grupos: 


I ~ Delinquentes de origem social 


acidentais 

ocasionais 


II “ Delinquentes com taras biológicas f habituais 

e influenciados pelo ambiente \ degenerados cri- 

[ minosos 

III — Delinquentes com taras biológicas loucos-morais_ ■ 

profundas e mentalidade anormal ■ criminosos alie,- 

nados 


Foi, porém, o Prof. Benigno di Tullio que, em 1931, 
propôs nova classificação baseada nos seus interessantes estudos 
das correlações estabelecidas entre os caracteres somáticos e os 


(16) Salvatore Oííolôwg/»'- Psicopatologia Forense, 
í 17) Louis Vervaec — ho applicazione pratiche delia Antropologia crimi- 
oale. 

(18) Bem&fie 4i TulUo — Op. cit. 
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dados psico-fisiológicos que o levou à construção da teoria de 
" constituição delinquencial ” cujas modalidades foram agrupa¬ 
das de seguinte modo: 

I — Delinquentes ocasionais ou pseudo-delinquentes 

IIDelinquen tes f simples (crimina- 

por atitude congé* | loides) 

nita ou predisposi- caracterizada regressivo-atávica 

ção constitucional por orientação j neuro-psicopática 
(verdadeiros delin- ’ [ psicopática-mista 

quentes) 

( Criminosos loucos — Ver¬ 
dadeiros delinquentes 
Loucos criminosos — Pseu¬ 
do-delinquentes 

Esses estudos da constituição delinquencial conduziram 
^ formação de um ramo de ciência que o Prof. Nicola Pende 
denominou Biotipologia humana e consiste no estudo das mani¬ 
festações vitais de ordem anatómica, humoral, funcional e psi¬ 
cológica, de cuja síntese resulta o conhecimento do tipo estrutu¬ 
ral-dinâmico especial de cada indivíduo, isto é, do conjunto 
de caracteres particulares que diferenciam os indivíduos e os 
afastam do tipo humano abstraçto, genérico e convencional 
do homem-espécie, descrito pelos anatomistas, fisiologistas, psi¬ 
cólogos e estatísticos, O biótipo humano, segundo a opinião 
do Prof. Duarte Santos, é a definição sintética das quali¬ 
dades características e diferenciais dos indivíduos, tomados cm 
sijia unidade e unicidade soraatopsíquica, incapaz de se cindir 
Epb pena de desaparecer a própria realidade humana.' 

Foi 0 Prof. da Clínica Médica da Universidade de Bolonha, 
Dr. Giacinto Viola f”) quem primeiro se dedicou a achar uma 


(15 ) Ntçóitf PíXííe~-Gp. dt. 

(20) Luís Duarte Santos Biotipologia humana. 

(21) Qiaoinio Viola — La constituzione indidlltiale, 


BASES CIENTÍFICAS DA REPRESSÃO CRIMINAL 113 

fórmula de correlação entre os dados antropológicos e fisioló^ 
gicos a caracterizarem uma individualidade física que, na. defini¬ 
ção daquele Professor, corresponde à “especial combinação 
correlacionada das variantes dos caracteres físicos, próprios 
da espécie, no estado fisiológico", 0 que equivale a dizer que se 
trata do biótipo era que não foram tomadas em consideração as 
características psicológicas. Esse estudo, que pròpriamente se 
poderia chamar um estudo da constituição morfológica de um 
indivíduo,devou 0 seu autor a agrupar os seus doentes em três 
tipos: tipo longilíneo, alto e magro ; 0 tipo brevilíneo, baixo e 
rotundo ; e 0 tipo médio ou normolíneo. Conseguiu ele demons¬ 
trar uma certa correlação entre esses tipos constitucionais e 
várias moléstias hereditárias, como as hipertensões arteriais, as 
diáteses, predominância do tipo neuro-vegetativo, etc. Seguindo 
essa orientação do Prof. Viola, dois dos mais distintos alunos 
meus, os Drs. Olinto Osório dos Anjos, Director da Escola 
Normal, e Luis de Melo Alvares, médico radiologista, realiza¬ 
ram sob a minha direcção investigações, cada um deles em 300 
indivíduos clinicamente normais, que foram apresentadas como 
dissertações do curso, e nos conduziram a seguintes concksões: 
tipo mais frequente entre os goeses é 0 longilíneo, vindo em 
seguida 0 brevilíneo e em fraca percentagem 0 normolíneo. A 
tensão arterial mostrou existir a seguinte correlação: as tensões 
sistólicas mais elevadas registaram-se com mais frequência nos 
brevilíneos e a seguir nos normolíneos, As tensões diastólicas 
mais altas são mais frequentes nos normolíneos e a seguir nos 
brevilíneos. 

Se a constituição morfológica de Viola () se limitava ape¬ 
nas a caracterizar 0 indivíduo seb 0 ponto de vista anatorao-fisio- 
lógico, 0 que aliás é suficiente para fins clínicos, outro tanto não 
sucede com a individualização do delinquente cujas caracterís^ 
ticas psíquicas interessam muito mais para a determinação da 
sua “ constituição delinquencial ”, como a denominou Benigno- 


(22) C, Viola- Op,út. 
15 
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diXullio, (**) pois, a personalidade de um indivíduo abrange 
principalmente a parte afectivo-volitiva, e as duas constituições 
(morfológica e psicológica) concorrem conjuntamente para 
a formação da individualidade psico*somática inseparável, a qual 
tem como centro unitivo e permanente a consciência 

A constituição psíquica ou afectivo-volitiva, que antiga¬ 
mente se denominava temperamento e se atribula à variabili¬ 
dade dos humores, foi definida pelo psiquiatra alemão Kretsch- 
mer como “um conjunto de qualidades afectivas que caracte¬ 
riza uma individualidade tanto na forma como sofre as afec- 
ções como na maneira por que reage às mesmas Mas sabe-se 
hoje, em face dos modernos progressos da ciência médica, 
que a individualidade afectivo-volitiva se acha na estreita 
dependência do sistema nervoso vegetativo, das glândulas 
endócrlnas e da composição electrolítica do meio interno, regu¬ 
ladores gerais de toda a função orgânica. E' esta a ra^ão por¬ 
que a Criminologia, como um conjunto de conhecimentos acer¬ 
ca do crime, encarado sob qualquer aspecto, não pode prescin¬ 
dir nem dispensar o valioso auxílio da Biotipologia por meio da 
qual se procura definir e individualizar a constituição delinquên¬ 
cia!, analisando o delinquente pelos seus quatro aspectos ou 
quatro faces enumeradas pelo Prof. Nicola Pende^) a face 
morfológica ou anatomoantropológlca, a face fisiológica ou das 
reacções orgânicas, a face caracterológica ou afectivo-volitiva e a 
face intelectual que permite conhecer pelos modernos processos 
psico-técnicos, o grau intelectual, a atenção, a memória e a 
capacidade de observação. Tem por isso muita razão o Prof. 
Duarte Santos (“®) quando afirma: “A delinquência é muítas 
vezes se não totalmente, parcialmente, um problema clínico, ca¬ 
paz de solução médica e poderá resultar daqui uma sã política 
criminal, capaz de atingir o seu verdadeiro fim, que não é casti¬ 
gar, mas combater o crime 


{ 23) B, ái TuUio - Op. cit. 

(24) iVíoo/tf Pende — Op. cit. 
í 25) L Duarie Santos — Op. cit. 
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Dentro dessa orientação tão bem exposta pelo Prof. Santos, 
todo 0 delinquente terá de ser examinado e tratado segundo os 
mesmos processos que os médicos seguem no tratamento dos 
seus doentes e para a organização das regras da profilaxia. Por¬ 
tanto, para se estabelecer uma política criminal em bases racio¬ 
nais e científicas é mister reconhecer, como afirma Claude Ber- 
nard, () ^^Üadmmm d'm fait sans cause^ c‘est’à’dire indê- 
íerminable dans ses conditions d'existence, n^est ni pim ni moins 
quô la negation de la Science, Le détBwinisme, dans les con¬ 
ditions des phánomènes de la vie, doit étre un des axiomes du 
médecin expérimentateur, S'il est bien pênétré de la vêrite de ce 
principe, il excluta de ses expUcations toute intefvention du 
surnaturel; il ama une foi inébranlable dans IHdée que des lois 
fixes régissent la Science biologique, et il aura en metne temps un 
critérium súr pourjuger les apparences souvent variables et con- 
tradictoires des phénonúnes vitaux Por conseguinte, para se 
estabelecer um combate sistemático ou uma terapêutica eficaz 
do crime necessário se torna conhecer a sua etiologia, isto e, 
as causas ou factores determinantes do crime. 

As causas da criminalidade podem ser resumidas em dois 
grupos fundamentais; intrínsecas ou relativas a constituição 
psico-sornática dos delinquentes e extrínsecas ou próprias das 
condições económicas e sociais em que vivem. Convém por isso 
estudar o criminoso sob o ponto de vista da sua constituição, do 
seu psiquismo, da sua hereditariedade e da sua morbidez. Com 
respeito à constituição já vimos quais os elementos precisos pa- 
sa a sua individualização. Com respeito ao psiquismo haverá 
que tomar em devida consideração os sentimentos, os impulsos, 
os desejos secretos, que geralmente actuam de modo inconscien¬ 
te mas que por vezes podem influir na vida psíquica consciente 
causando sérias perturbações, como acontece com os chamados 
“ complexos recalcados” de Freud, mòrmente os complexos de 
inferioridade que, segundo a opinião de Adler, podem provocar 

(26) - Claude Bernard - Introduction à Pétude de la raédicme expen^ 
mentale. 




116 BOLETIH DO' INSTITUTO MENEZES BRAGANÇA 

0 desejo de hipercompensação por meio de expressões conscien¬ 
tes antagónicas. E’ necessário também ter em devida conta o 
temperamento, que a escola francesa agrupou em quatro tipos 
(cerebral, digestivo, respiratório e muscular) conforme a pre¬ 
dominância funcional de certos órgãos, e que Kretschmer, 
na sua classificação do carácter dos indivíduos, descreveu como 
“ uma combinação da excitabilidade afectiva, estado de humor, 
expressão motora do tempo psíquico influenciado pelas reacções 
do meio”, tendo proposto três tipos em que não entravam era 
conta os caracteres somáticos. O temperamento ciclotímico, 
com reacções adaptadas aos estímulos, ,é sociável, falador, sen¬ 
sível, gosador; tem geralmente a estrutura corporal de íormas 
arredondadas, grande volume da cabeça, do peito e abdómen ; 
pescoço curto e maciço, face larga e achatada, tendência para 
calvície, obeso, realizando o tipo que ele denominou picnico. 
Tempéramento esquizotimico, com reacções variáveis e contra¬ 
ditórias, ora excitável ora insensível, introvertido, fechado, pou¬ 
co sociável, taciturno, seco, colérico; tem estrutura corporal 
longilínea, é magro, pálido, de ombros estreitos, braços longos, 
rnãos compridas, pescoço alto, face curta e ovoide. Tempera¬ 
mento viscoso, reagindo aos estímulos umas vezes de modo 
fleugmático e outras de modo explosivo; é afectuoso, melancó¬ 
lico, desconfiado, metódico, dado a ideias extrema.s; tem a es¬ 
trutura corporal de tipo atlético, ombros largos, tronco afunilado 
em baixo, mãos grandes e face ovoide. 

A seguir à constituição o segundo factor importante a con¬ 
siderar é a hereditariedade, sobretudo quanto à descendência 
de epilépticos, histéricos, psicopatas e psicóticos. Escreve 
0 Prof. Leonídeo Ribeiro, do Brasil: “Há argumentos 
decisivos em favor da hipótese de que o crime é, às vezes, uma 
contingência fatal, de certos indivíduos, ligada a factores here¬ 
ditários. Ao lado dos doentes cora sinais nítidos e de fácil 
diagnóstico, há ainda os que constituem os chamados casos 
limítrofes, cujas doenças latentes ou em início só vão aparecer 

' (27) — Ernest Kretschmer — La structure du corps et le caractère. 

(28) ~ Leonídeo Ribeiro — A criança e o crime. 
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mais tarde, durante o cumprimento da pena, evidenciando-se 
assim, afinal, que as suas reacções anti-sociais tinham como 
causa principal uma perturbação mórbida até então des¬ 
conhecida”. Além disso há o facto de o Dr. Lange, de 
Munique, ter encontrado criminalidade concordante em gémeos 
univitelinos, o que não se verifica quando os gémeos forem 
bivitelinos. Também a diversidade do comportamento dos ir¬ 
mãos apesar da igualdade do património hereditário paterno 
e materno, explica-se pela diversidade das possibilidades de 
combinações para a formação de pares de cromosomas que são 
portadores dos genes ou caracteres hereditários especiais. 

A psicopatia, que Kraepelin chamou debilidade mental, é 
hereditária e congénita. Pode revelar-se segundo Schneider, 
(®°) sob dez aspectos ou tipos diferentes: diligentes, deprimi¬ 
dos, fanáticos, inseguros, indecisos, lábeis de humor, explosivos, 
insensíveis, abúlicos e asténicos. A histeria é considerada tam¬ 
bém uma psicopatia caracterizada pela tendência para arreba¬ 
tamentos afectivos tumultuosos. As psicoses já constituem pro¬ 
cessos mórbidos cerebrais que evolucionam com graves pertur¬ 
bações da vida psíquica e modificações da personalidade. Podem 
ser causadas por doenças, como a artério-esclerose cerebral, 
sífilis cerebral, encefalite, doença do sono e coréa ou dança 
de S. Vito; e também pelos traumatismos cranianos, ferimentos 
do cérebro, intoxicações como o álcool, mercúrio, etc. O estado 
de saúde pode também vir a ser um factor criminogéneo, pois 
a tuberculose, o aleijão, a impotência sexual, podem provocar 
sentimentos de inferioridade que irão constituir causas parciais 
do crime pelo mecanismo de supercorapensação, quer dizer, 
por desvio psíquico., Nas mulheres, mesmo sem perturbações 
mentais, as regras e o climatério podem actuar como causas 
adjuvantes do crime em virtude da instabilidade afectiva, pró¬ 
pria destes estados, em dependência directa da função das glân¬ 
dulas sexuais. 


(29) — Lan^e — cit. de Ernst Seelig. 

(30) — Schneider A personalidade dos psicopatas (cit. de E. Seelig). 
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Como causas extrínsecas pode-se apontar o pauperismo ou 
a miséria, o álcool, os estupefacientes, o mau exemplo e a con¬ 
vivência indesejável. A miséria, sob o forte impulso do instinto 
da conservação do indivíduo e até o desemprego prolongado 
concorrem para minar a força de resistência contra os estímulos 
criminogéneos e leva muitos a cederem à tentação de um negó¬ 
cio escuro ou contrabando, a aceitarem objectos furtados e mes¬ 
mo a praticar furtos, pois, como bem diz o povo “ a fome é má 
comelheita^'. Ninguém desconhece decerto a acção excitante 
do álcool no sistema nervoso provocando a impulsividade agres¬ 
siva, e também a sua nefasta influência na procriação dos dege^ 
nerados, da mesma forma como actuam também os estupefa¬ 
cientes aos quais atribue Hotchkiss (®^) o grande incremento da 
criminalidade na índia, mòrmete devido ao uso imoderado de 
canabis indica. 

Outros factores criminogéneos de ordem geral são; o mau 
exemplo, os filmes policiais do cinema, as narrativas criminais da 
imprensa, etc. Escreve Maxwell; " Do mesmo modo que 

seria necessário tornar mais difícil o consumo das bebidas 
envenenadas, causa fisiológica de uma excitação tóxica, assim 
também seria necessário tornar mais dificil o consumo dos gé¬ 
neros intelectuais falsificados; as falsas notícias, as narrativas 
feitas de má fé pelos jornais, as difamações, deveriam ser mais 
efectivamente reprimidas”. 

Conhecidos os principais factores criminogéneos urge esta^ 
belecer-lhes um combate vigoroso e sistemático não só para se 
evitar o alastramento do mal mas para reduzir ao mínimo pos¬ 
sível a prática do crime. Tratando-se de factores intrínsecos é 
de aconselhar a esterilização dos alienados, dos degenerados, 
dos alcoólicos incorrigíveis, pois, em face dos actuais conheci¬ 
mentos da ciência de hereditariedade e principalmente depois 
que se descobriu a possibilidade de os maus genes poderem ser 

(31) Ch, üoíc/tÃíss — Criminalité et médicine judiciaire dans l’Inde 

anglaise. 

(32) —J. Maxwell ^ Le concept social du crime, 
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formados pelo processo de mutações'intracelulares, a eliminação 
dos tarados pelo processo da eugênia fica sujeita ao fracasso. 
Só a esterilização portanto poderá concorrer para reduzir ao 
mínimo a procriação dos tarados. Com respeito aos factores 
extrínsecos sòmente os países comunistas terão conseguido talvez 
extinguir a miséria, promovendo a igualdade social ao nível 
proletário. Mas até nos países de economia socialista, como a 
índia, a Ipenúria extrema dos meios de subsistência persiste 
ainda e pode levar à prática do furto uma alma compadecida 
que desejasse matar a fome doutrem, tal como Vitor Hugo nos 
descreveu e Junqueiro exprimiu nestes belos versos: 

Do abismo rom^e a flor, das irevas a nianhã: 

Num ladrão pode haver um santo—João Valjean. 

O que deve merecer especial cuidado e atenção é a higiene 
e salubridade das habitações proletárias e a educação da infân¬ 
cia. Diz 0 povo com razão; ” de menino se torce o pepino ”, 
É sabido que o crime é, às mais das vezes, o resultado das defi¬ 
ciências e lacunas da educação. Não quer isto dizer que o 
analfabetismo conduz necessàriamente à prática do crime, pois, 
educar não é só instruir nem se limita a propinar alguns princí¬ 
pios morais sãos. O fim da educação é o de formar vontades 
enérgicas e bem esclarecidas. A educação visa a fazer subordi¬ 
nar as acções humanas à direcção da vontade individual, sub' 
traindo-as o mais possível à influência da sugestão alheia. E' 
assim que uma vontade decidida saberá resistir aos incitamentos 
da turba onde não é raro ver pessoas bastante instruidas abdi¬ 
carem da autonomia do seu pensamento para acabarem por 
resvalar no mais grosseiro psitacismo e deixarem-se seduzir 
pelos mais indefensáveis e absurdos projectos. Diz Maxwell: 
” A perversão adquire-se na infância e na mocidade; é menos 
para temer quando o carácter está formado; para ser útil, a 
educação deve apoderar-se da criança desde a infância ”. 

Nos países onde a instrução primária é obrigatória o perigo 
maior, sobretudo para crianças pobres, está precisamente ào 
deixarem a escola, porque não podem ser devidamente vigiadas 
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pelos pais que andam na faina. Por isso seria muito de‘desejar 
que essas crianças não estivessem entregues a si próprias e aban¬ 
donadas à ociosidade. Para a vigilância e educação dessas 
crianças seriam de recomendar as creches, as Case dei bamhini 
nos moldes indicados por M.® Montessori ou os jardins de infán^ 
cia de Froebel onde educadoras escolhidas lhes ministrariam, sob 
a forma de histórias simples, edificantes lições de moral e civismo. 

Quanto ao alcoolismo um combate frontal, com proibição 
total, está fatalmente destinado a um estrondoso insucesso, como 
já aconteceu na América apesar de inúmeros meios técnicos dé 
que dispunham além de verbas fabulosas, e está sucedendo na 
índia onde uma vergonhosa corrupção encobre o contrabando 
e a distilaçlo clandestina, que vai paradoxalmente intoxicar, com 
maior gravidade, aqueles mesmos que a proibição pretendia 
salvar. 

Depois desta breve referência às medidas profilácticas 
a adopfar para a diminuição da criminalidade e antes de pas¬ 
sarmos a estudar em resumo os meios de defesa social, não será 
talvez fora de propósito uma breve referência a uma categoria 
de crimes a que o lirismo e a exaltação romântica deram um 
relevo extraordinário — o crime passional. No magistral estudo 
que lhe consagrou o Professor de Direito Penal da Universidade 
de Varsóvia, Dr. Léon Rabinowicz, chega à seguinte con¬ 
clusão : “ Os criminosos passionais raciocinam sempre, reflectem 
muito antes de tomar a decisão, reflectem ainda antes do mo¬ 
mento da acção e, os que matam, fazem-no com todo o desejo e 
em plena consciência do seu acto. Há, bem entendido, casos 
extraordinários em que os criminosos passionais praticam o acto 
sem reflectir, numa verdadeira fúria da paixão, mas são casos 
raríssimos”. E remata o seu notável trabalho perfilhando a 
opinião do ilustre crítico literário francês, F. Brunetière, de quem 
transcrevo este brilhante trecho: O que há de imperdoável'e 
de profundamente odioso no crime passional, é que o criminoso 


(33 )Léon Rahinomcz “■ O crime passional. 
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não põe um momento sequer 0 direito, ou mesmo á vida dos ou¬ 
tros em balanço com a satisfação dos seus mais grosseiros apeti¬ 
tes; e nós, infelizmente, é isso que hoje nos recusamos a ver. O 
crime passional, é, essencialraente, e antes de mais nada, uma 
maneira de fazer justiça por suas próprias mãos. O marido que 
mata a mulher, a amante que mata 0 amante, erigem-se em juí¬ 
zes da sua própria causa e em executores de uma sentença que 
não tinham 0 direito de proferir, E já não quero falar aqui no 
facto de, numa época era que se têm visto tantos espíritos gene¬ 
rosos hesitar diante da legitimidade da pena de morte, eles a 
restabelecerem cora 0 direito que a si mesmos se atribuem,,de 
não ser incomodados nos seus prazeres. Mas, graças a essa 
execução sumária, eles suprimem a testemunha, cujo depoi¬ 
mento teria talvez agravado 0 seu crime e, com essa sentença, 
desmentem, quanto lhes é possível, 0 próprio objectivo da socie¬ 
dade. Negação da lei, de que todos os outros crimes são a sim¬ 
ples violação, regresso à barbárie, regressão à animalidade, eis 
0 que é 0 crime passional ”. 

Após demorada mas indispensável digressão nos domínios 
da etiologia e da profilaxia do crime eis-nos afinal chegados ao 
ponto capital, que é mesmo 0 objectivo desta palestra, 0 qual 
consiste na terapêutica desse grave mal social, 0 crime, e que 
equivale a dizer“ As bases da repressão criminal", 

Se 0 castigo do delinquente pode de algum modo constituir 
uma reparação moral à sociedade ofendida nos seus direitos, 0 
exame dos meios de que a sociedade pode servir-se para á pre¬ 
venção da criminalidade leva a estabelecer três espécies de 
medidas gerais: a primeira é pôr 0 criminoso eventual fora das 
condições de prejudicar pela sua exclusão temporária ou per¬ 
manente do meio social. A segunda é a educação da criança e 
do adulto nas casas de correcção. A terceira consiste nas medi¬ 
das destinadas à procriação dos incorrigíveis e vigilância pre¬ 
ventiva. 

A defesa social está especialmente cometida a dois organis¬ 
mos oficiais: a Polícia e os Tribunais, que, na opinjâo de 

16 


i 



124 BOLETIM DO INSTITUTO MENEZES BRAGANÇA 


BASES CIENTÍFICAS DA REPRESSÃO CRIMINAL U$ 


dê extrema gravidade construindo estabelecimentos penais, se¬ 
parados para diversas categorias de criminosos, afim de que a 
promiscuidade nociva e camaradagem perigosa na mesma enxo¬ 
via não transformem os cárceres do Estado em escolas de alta 
criminalidade pela iniciação de novos reclusos, talvez criminosos 
acidentais, pelos veteranos do crime ou criminosos incorregíveis. 

Para facilitar a tarefa judicial da individualização da pena 
impõe-se, como é óbvio, a criação de um Instituto de Antropo¬ 
logia criminal, ao qual incumbirá especialmente o estudo da cons¬ 
tituição delinquencial, que é o suporte indispensável de todas as 
medidas racionais de profilaxia do crime e defesa social. 

Muita razão tinha o Dr. Montesinos ®) quando afirmou ; La 
penitenciaHa tecibe al hotnhte ; el cvintinal queda a la puerta. 
De facto assim é. Por conseguinte e para os fins de tratamento 
e reabilitação dos criminosos preconiza-se, em progressão lenta, 
0 seguinte método: isolamento, reclusão ou incomunicabilidade 
dos mais perigosos, A seguir, conforme o seu comportamento^ 
comunicação gradual com a população da cadeia e possivelmen¬ 
te com a família, ao mesmo tempo que, durante as horas regula¬ 
mentares do trabalho, deverão ser empregados, conforme a sua 
aptidão, no# trabalhos públicos do Estado, mòrmente nos esta¬ 
belecimentos de indústrias militares, sujeitos ao regime de rigo¬ 
rosa disciplina. Mais tarde, conforme o seu grau de emenda ou 
mostras de reabilitação, poderá ser-lhes permitida a comunicação 
com 0 público e a sociedade sob o regime de saídas vigiadas ou 
liberdade condicional e, talvez, a suspensão da pena, Por isso 
as amnistias, com que os governos parece quererem aliciar as 
simpatias dos delinquentes, só contribuem, como dizia Maxwell, 
para se praticar uma injustiça, mòrmente quando as penas tive¬ 
rem sido graduadas pelo critério da individualização, Porém, 
por todo 0 tempo do cumprimento da pena nos estabelecimen¬ 
tos prisionais, deverá ser ministrada aos delinquentes instrução 


intelectual, moral e técnica, que Guerra Junqueiro recomendara 
nestes vibrantes alexandrinos: 

E' 0 crime e o remorso, a causa cm o eféto. 

A sociedade tem um único dir ^: 

Exibir do assassino uma reparação; 

Eduquem^no: é meter a escda na ptisâo. 

Transformem esse monstro em ser inteligmii. 
Façam-no livre, isto é, façam-no cmmimte. 
Consciência quer dizer respomabüidadi ; 

Um assassino verga os ferros de uma grade 
Mas não pode vergar a consciência austera, 

Inlroduzi a luz no crânio dessa fera, 

O instinto é uma toupeira escura que não vê; 

Em lugar da grilheta a carta do abc, 

E em lugar de enxovia imunda uma okina. 

E’ como se castiga um homem que assassina. 


(39) Dr. Montmnos — cit. de QuinUHano SaUana in La Antropolo¬ 
gia penitenciaria, 
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The causes or the factors of criminality may be brought together into two 
main groups: intrinsic or referring to psycho-somatic constitutipn of cri* 
minais and extrinsic or belonging to the economic and social conditions in 
Yfhich they live. It is therefore convenient to make a study of the criminal 
in relation to his anatomo-physiological coraposition, to his state of mind, to 
the hereditary factors and to his morbidity, 

The morphological constitution of Prof. Giacinto Viola which defines the 
individual on anatomo-physiological basis and which is not sufficient enough to 
individualize a criminal, whose psychical characteristics are more useful for 
the deíinition of his “ delioquent constitution ”, compels us to take into con- 
sideration the psychic constitution which, in the olden days, was known 
>as " temperament" or natural disposition ”, as well as intellectual power 
■{ attention, memory, power of observation, etc.), which may be appreciated 
by psycho-technical methods, and as a whole constitute a special branch of 
Science about 'criminal biology which, according to Prof. Nicola Pende, cons. 
titutes the Biotypology. 

Psychopathy is generally congenital and hereditary and psychosis may be 
caused by various diseases, such as syphilis, encephalitis, sleeping sickness as 
well as cerebral wounds and intoxication due to mercury, alcohol, etc. 

Wretchedness, alcoholic drinks, stupifacients and bad example may be 
mentioned as extrinsic causes. 

Once the chief criminogenic factors are known, it will be easier to fight 
them. In case the facfors are intrinsic, one should proceed to sterilization of 
the lunatics, the degepérates, the drunkards, etc. As to the extrinsic factors, 
special attention should be given to the salubrity and hygiene of the dwellings of 
the proletariat and to the education of children by building “ creches ”, where 
children would be under the guidance of trained educationists. The alcoho- 
lism cannot be avoided by a mere prohibitory laws, which always give bad 
results, as it was seen in the U-S.A. and is presently seen in índia. It will be 
possible, however, by indirect means, such as manufacture of low grade alcohol, 
establishment of bars on the upper stories of buildings in the towns and cities, 
and away írom schools, factories, etc. 

In order to prevent the rate of criminality, 3 types of measures may be 
established: the first one is to keep the criminais away from social media 
which are harmful to them; the second is the education of both adults and 
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children in the reformatories; the third one is by using methods to avoid pro- 
creation of the incorrigibles and be vigilant. 

First of all, the criminais should be divided into two main groups: the 
primary culprits and those who comrait crimes over again. The mingling of the 
usual criminal with a casual criminal in the prisons should be avoided. The 
same should be done with those of high degree of criminality and those accused 

of minor crimes, as for example, with a prostituto and a woraan whoaborted 

in order to hide illegal pregnancy. The true criterium for the appreciation of 
the malignancy of a criminal is by judging the danger which the criminal may 
represent to the society - danger which depends not so much on the nature of 
the crime but on the ability of this criminal to commit other crimes. 

The alienated with criminal tendencies should be interned in the " prlson- 
•hospitais" and treated by psychiatrists. The incorrigibles should be interned 
in the penitenciaries or in the penal colonies where each one will be given ade- 
quate treatraent as in the case of patients in the hospitais. 

In order to give due treatraent and rehabilitate the criminais, the follow- 
ing methods are recommended : isolation and incommunicability of criminais 
of the dangerous type. Then, according to their behaviour, gradual mingling 
with the jail personnel and the family may be ailowed and at the same time, 
the criminais may be empioyed during the working honrs, according to their 
vocation or capability, they may be empioyed specially in some military 
departraents where they will be under rigorous discipline. Later on, accord¬ 
ing to their behaviour, they may be ailowed to come into contact with the pn- 
blic, by going out under special conditions and eventually the penalty itnposed 
on them may be suspended. It is for these reasons that the amnesty which 
the governraents give to the criminais contributos, according to Maxwelhs 
opinioni to a serious injustice, specially when the penalty is classified by the 
criterium of the individualization of punishmeut. 

During the whole period of detention in the prisons, intellectual, moral 
and technical advice should be given to the criminais. 
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Prol ARMANDO MENEZES 


Exactly two years ago, I happened to write, in a hurry, for 
my brothers’s weekly, an article on the Goa University, which, 
as far as I know, was not noticed by anybody. I blame only 
rnyself for that misfortune. For one thing my article was 
conceived in rather enthusiastic and even poetical terms; and 
though I think, myself, that a great deal ofgood sense may 
coexist withpoetry, itis noteverybody who shares this view. 

I should have decorated my article with facts and figures, how- 
ever dubious. But I íind it difficult to think of Goa in terms 
of facts and figures; except the one indubitable fact of love, 
and the beautiful figure which is the object of that love. For 
another thing, I musthavebeen premature. We were, then, 
still wrestling with the many problems raised by our Primary 
education ; and though we have not yet seen the end of those 
problems, the last two years have registered a considerable 
advance at many leveis of education, both in volume and 
in Variety. 

The University and the Cominon Man 

The idea of an university does not come within the pers¬ 
pective of the common man, anywhere in the world; ceTtainly 
not of the common raan in Goa,, who is still trying to see what 
Liberation means to him personally in térms of hárd fact, 

í (*j Conferehcedeliveredori 22nd October, 1964. 
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or what he thinks to be hard fact. It is even a question whether 
the idea of an university for Goa has engaged the continuous 
attention of the bulk of our intelligentsia ; for if it had, there 
would have been at least occasional signs of it in our abundant 
and not unvocal Press. 

I ara, therefore, grateful to the Management of this Insti- 
tute, and partícularly to its distinguished Poet President, Baki 
Borkar, for affording me the opportunity of this platform to 
speak on a subject which has been very near to my heart ever 
since the Liberation and to which, I am sure, many of you have 
> not been indifferent. 

' This is the first time that I am speaking here. Not that, 
when I was younger, I had nothing to say to this Institute, But 
I couldn’t be trusted to confine myself to those things that 
soothed the hearts of the bureaucracy which all but monopoli* 
sed this Institute. Its very name had to be changed before I 
could be admitted here. The change from Vasco da Gama to 
Menezes Bragança, whatever its controversial features, has to 
me a great significance; for it is a change from a man who 
opened the sea-route from Portugal to índia to a man who, in 
our times, opened the route of freedom from Portugal to índia. 
Menezes Bragança was one of the great pioneers; and like- 
many pioneers, not quite sure of the direction and perhaps not 
quite sure as to the means ; but he was, to certain generations 
ofGoans, a vast influence fòt self-liberation. He provided a 
sort of catharsis. He might not have told us, in explicit terms, 
which way we should go; but he certainly showed us which way 
we shouldn’t. Like a great teacher he raised in us a thirst. 
Like a poet, if he did not save souls, he made souls worth saving. 

To return to our main business, I must say that, if one has 
to have certain special qualifications to speak on the subject of 
^ Goa University, I am not altogether wanting in a few of them 
I have been a college and university teacher for the last forty 
3 fears, not a day less, and have harvested perhaps more than my 


due share of that recognition which falis to the lot of a tolerably 
single* minded and conscientious teacher, I have been connect- 
ed, in one capacity or another, with a number of academic bo* 
dies in many universities — Bombay, Karnatak, Gujarat, Baro- 
da, Poona, Marathawada, Jodhpur, Kolhapur, in that order. As 
raember-secretary of the Karnatak University Comraittee, I was 
responsible for the drafting of its Report. I have been, more 
recently, associated with some of the activities of the Univer¬ 
sity Grants Comraission; and, as you have been long expecting 
me to say, I was a member of the Education Commission for Goa, 
under the chairmanship of the late lamented B. N. ]HA. One 
of my happiest experiences of that Commission is the sponta- 
neous friendship that devaloped among its members from the 
first day we met; and if there ever was an unanimous report, 
ours was certainly one — with an unanimity that was not ham- 
mered out of divergent views, or an acquiesence in a tame com- 
promise, but one that was intensely, if not passionately, felt all 
along; and for this, if for no other reason, it was a very signifi-' 
cant report. It is a pity that the Government could not see its 
way to publishing it, as it has published many other reports. 

Jha Commission Report 

It is far from my mind to divulge any part of the Report 
which has aroused controversy. But I have seen no evidence 
of any sharp difference of opinion in respect of the establishment 
of an university in Goa, When we were taking evidence for our 
Report, there was indeed a person or two who voiced the fear 
that the idea of an university in Goa might smack of separatism. 
But we easily decided that such fears were founded on ignor- 
jjjce—both of the characterofan university and, perhaps, of 
the meaning of separatism; for there is a sense in which build- 
ing a church or temple might be construed as a dangerous 
symptora of secession ; or for that matter, the building of a 
home! So, the Jha Commission, in the course of discussing the- 
future of higher education in Goa, did propose in some detail an. 
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university for Goa ; and it was very particular, even at the risk 
of tedious repetition, to raake it perfectly clear that it was to be> 
not an university. for Goa, but only an university in Goa, It 
was to be a national university; even perhaps — and why not ? 
— an International university. 

The Differentia 

The Chairraan of the Commission was an extreraely 
cautious man, and particulariy jealous of his reputation as a 
practical man of affairs; he was, accordingly, the very opposite 
of a man who would blow a bubble in the air for the mere plea- 
sure of watching it float, for a rainbowed moment, before it burst. 
But he was a man of exceptional sensibility; and it did not take 
him long—as it did not take the other non-Goan meraber of the 
Commission long —to sense the differentia of the place, those 
qualities of the people and the region that set them clearly, 
though sübtly, apart. As persons who had long imbibed the 
essence of culture, they knew instinctively what had happened, 
by and large, to this place and people, and how a sense of 
what I may call historical economy, should conserve what had 
been gained, for the enrichment of that unity in diversity that 
our great country is proud to be. It was that very quintessential 
sense óf culture, that very historical prespective, that led the 
late Prime Minister Nehru to .declare, in nò uncertain terms 
his faith in the distinct personality of Goa and in the existence 
of its language. But Nehru had one more reason. He had a 
firm grasp of the theory of democracy; he was that paradox: 
an instinctive philosophical democrat. It is a basic creed of 
democracy that all men are equal and yet all men are different; 
and that, while the equality must be unequivocally affirmed, the 
difference must be equality respected and even cultivated, the 
‘ unity in diversity ’ is not only between comraunity and com- 
munity, or between one State and another, but between man and 
man. That is where democracy is so like religion. The true 
democrat sees. at opce what distinguishes one man from another. 
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and yet his faith in human equality remains unshaken and un- 
diramed, He sees at a single glance the distinclion as well as 
the equality. This is only one of the many paradores oí wis- 
dom, It is not democratic to want the simplicity and sameness 
of a robot; or for the live organism to sink in an amorphoas 
mass. 

I do not happen to know what Nehru thought about a uni¬ 
versity in Goa ; but it is a safe guess that he would not only 
approve of it, he would want it, particulariy as he was not averse 
to a university in Pondicherry. But I do happen to know that 
our great Philosopher-President, hitnself once a teacher, has 
shown a keen, and a very personal interest in such a university. 
When we were drafting our Report in Delhi, he urged our 
Chairman to recommend a university in Goa, and to make our 
recommendations in as great detail as possible. We, however, 
were moved by an innate sense of proportion not to go into 
many details. But there is enough in our Report to show how 
we felt that a university would be the natural and inevitable 
copestone of the arch of Goan education. 

If I may make a personal admission, I ha ve, for the last 
three years, been taking some little advantage of ray personal 
acquaintance with some personalities in the Education Minisíry 
to keep the issue alive at that levei. My invitation to Huma- 
yun Kabir, who was then in the Education Ministry, to visit 
Goa only resulted in a local police inquiry into my chartcter and 
political antecedents; and perhaps too in the transfer of that 
highly cultured Minister— a poet and philasopher--to the 
Ministry of Petroleum and Chemicals! But I have not left the 
new Minister of Education in peace ; and the question has been 
considered and reconsidered by the University Grants Comrais* 
sion. The University Grants Commission has a closed budget 
and standing commitments; it has to plan within the resources 
entrusted to it for the period of the Third Five Year Plan. Still, 
I am not sure that the Goa University has not been sanctioned 
in principie. But, if we really want the Goa University to be a 
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fact, we inust keep pegging at it all the time. We cannot leave, 
so vital an issue to individual initiative or to the mere efflux of 
time. It has been the common practice to form a University 
Association in a locality to keep the issue alive and the Govern- 
ment posted with the aspirations of the people in this regar d; 
and such an Association does not rest even after a University 
Committee has actually been appointed, 

Why a UnÍTersity for Goa ? 

Now, what is the case for a University in Goa ? 

1. One simple reason is that other Union Territories are 
to have universities. This is, philosophically speaking, a very ■ 
poor reason, but to those who only understand the language 
of politics, a very sound one indeed. 

2. If we still stay at the levei of practical politics, another. 
reason is that the Jha Commission Report has recomraended, 
it, that a great and influential educationist like Dr. Radha- 
krishnan is interested in it, that the Education Ministry has 
considered it formally to the extent of sending it down to the 
University Granta Commisson, and that the latter has, as ru- 
moured, approved it in principie. This is, actually, not one 
reason but many, 

3. Those who are filled with false apprehensions about a 
university in Goa fostering or perpetuating any feeling of sepa- 
ratism ( whatever that means) may rest assured, if they have 
not already realised it for themselves, that most States of índia 
— not to speak of other countries — have more than one uni-: 
versity; and that, if Goa must eventually join any existing State,, 
that State will be the richer by one more university. We in 
índia began with only three universities. Today, to speak only 
of the near-by States, Maharashtra has six universities, Gujarat 
has two, Karnatak three. Time was when the catchment area 
of a university wasthought to be the universe itself. Itwas: 
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supposed to cater the entire universe of knowledge, and to con¬ 
fine itself to the universal aspect of knowledge. These notions 
have long been proved to be mistaken. True, when universities 
were, for historical reasons, few and far between, students as 
well as teachers flocked to them from distant places. It was 
so with Bologna and Paris, or Oxford and Cambridge. It was 
even more so with our own universities of Taxil and Nalanda- 
But learning was, in those far-off days, a pure and passionate 
pursuitof knowledge, rarely, if ever, embarrassed with social, 
economic or even cultural considerations. The scholar, wher- 
ever he carne from, was a member of a single fraterníty — the 
great and austere brotherhood of knowledge. It even happened, 
in course of time, that a university became the preserve of the 
upper classeSj and admission to them a matter of social privilege. 

A IVew Conceplion 

But with the growth of modern democracy, a new concep- 
tion of the university has evolved and is, perhaps, still evolving. 
Culture is to be no longer the badge of aristocracy. The ideal 
of democracy is not a levelling down, but a levelling up; of 
every man or woman being a potential aristocrat. In the old 
days, the scholar was a rare phenomenon, a pilgrim of the spirit 
prepared to go to the end of the world' in quest of knowledge* 
Today, that knowledge, enormously increased, must come to 
our doors. A university must be open to all, rich or poor, who 
are able to benefit by what it has to give. It is no longer a pri* 
vilege but a right. Even to those who do not come to it for a 
degree, a university conceived in terms of democracy is a focus 
of radiation which casts itsspell upon the surrounding region; 
while the university itself, absorbs, and lets itself be shaped by, 
the genius of the place. For, under the potent impact of this 
democratic ideal, mankind. though not altogether oblivious of 
that quintessential culture which is a personal possession, a way 
of being rather than of having and behaving, is becorning increa- 
singly conscious of the existence of diverse cultures, diverse tra- 
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ditional patterns, as well as diverse needs, aptitudes and inte- 
rests, diversè regional, or local resources. It is begínning more 
and more to realise that these cultural patterns need íirst to be 
conserved, tben to be puriíied and at last to be oriented towards 
that universal culture which may or may not be the final goal of 
university education. Each region is also beginning to be cons* 
cious, not without a degree of pride, of its peculiar resources, 
and, not without some concern, of its peculiar needs. Politícal 
Science has taught us that no nation can be patriotic by stam» 
ping out all local íoyalties. Sociology has taught us the dangers 
of underestimating the value of regional cultural patterns and 
Íoyalties. Really free iiations have long realised, or are begin* 
ning to realise, the dignity, the beauty, the ultimate wisdom of 
the village economy, the smalj industry, the local self'govern- 
raent, Our own country has recognised the principie right from 
the start— in its federal constitution, which leaves the constitu* 
ent States largely autonomous; in its provision for incrcasing de« 
centralisation of financial and administrative responsibility and 
control right down to the village '^anchayai in its re-orgaiiisatioii 
of States on the basis of language and culture ; in the encoura» 
gement given to regional insíitutions like universitlefi. The cry 
of fissiparous tendencies can always be raised, and is normally 
raised by pettifogging politicians who live off them. This cry 
has been raised again and again, with tiresome lack of origina' 
lity, at each stage. We know Bombay University wasn't too 
happy at the idea of a Poona University nor was Poona Uni¬ 
versity particularly jubilant over the establishment of a univer¬ 
sity in Marathwada and probably even less in the case of Ko* 
Ihapur. 

Expanding Loyalties 

This process, unfortunately, gíves the impression that loyal* 
ties are shrinking from the greater to the less. But this is only 
iari optical illusion created by the perversity of our historical 
perspective. All loyalty grows and expands from the small to 
the great. We are somehow used to think that the real centre 
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is, say, at Delhi, and all the rest is on the periphery. ActualJy, 
the true centre is the home, the family; and all our patriotism 
is but the enlargement to the nth degree of that primai loyalty 
to the home. It is Delhi that is, so to say, at the periphery. No 
loyalty is likely to be deep, or stable, unless it is a sentiment 
that slowly develops from the centre outwards, in ever widening 
concentric circles. As Kipling, the laureate of the British Em- 
pire says: 

‘(joi gdve ãll eãfth ãll Wííw to lovs] 

But since our hearts ure siftull, 

Ordained for each one spot should prove 
Beloved over alV. 

This is very true; except that our hearts are really s mall, 
not when we love our home, our village, our regime, but when 
we seek escape from immediate, and therefore more exacting, 
íoyalties into dreams of empire or a vague and anaemic cosmo- 
politanism. 

Once we have got the priorities clear, and where our begin- 
nings are and where our ends it should not matter very much 
which way we look-whether from the centre outwards to the cir- 
cumference, or from the circumference inwards to the centre; 
whether we conceive a university in Goa as a regional uni¬ 
versity; or a national, even international, university. The 
Jha Commission, anticipating the trite objection that Goa is, 
in area and population, too small for a university, was emphatic 
in declaring that the Goa Universitywas going to be, not a 
university/Of Goa only, but a university in Goa. The compel- 
ling reasons for setting up such a university were, therefore, 
not purely regional, but rather took into account the academic 
and cultural needs of the whole nation. But it did envisage 
a university which, to the usual faculties of Arts and Science, 
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Commerce, Law, Engineering, Medicine and Pharmacy, would 
add certain other iraportant faculties not found in every uní-* 
versity and for which the natural potentialities of the place 
are abudaatly clear. For example, the Commissíon thought 
that so important mining centre as Goa has earned a claim 
to a School of Mining and Metallurgy. Then, our possessíon 
õf a íirít-class harbour, the development of which seemed 
assured even two*and‘a-half years ago would perfectiy justify 
erection, in Goa of an advanced School of Naval Engi* 
neering and Architecture. It thought, too, that the natural ta- 
lent of Goans for the Fine Arts should be more fully utilísed 
and developed and channelled into higher land purer forma of 
art, and so there was a clear case in Goa for a Faculty of Fine 
Arts, where Painting, Sculpture, Dancing and Music could be 
taught in an environment charged with inexhaustible natural 
beauty and a population teeming with artistic gifts. Some of us- 
even dreamt of a school of research in art, where the arts of 
the East and West would be studied and taught together, or side 
by side, and there would open out incalculable possibilities or 
mutual understanding and mutual enrichment. And I am sure 
a place would be found in this school for the humbier of the 
fine arts which arepart of the Goan cultural tradition, like car* 
pentry, pottery, goldsmithy etc. 

Deyelopineiit of lusitltiite 
Menezes Bragança 

While these Faculties would lean more upon the natural 
endowments of the land and its people, there would be others 
that would exploit the historlcal accretions of a foiir-and-a-half 
centuries contact with a European power. For instance, the 
Commissíon saw the possibility of utilising this very Institute 
with its handsome library, as a centre of learníng, notonlyof 
Portuguese and allied languages, but of all that is associated 
with Latin culture. If this Institute could be developed, the 
Commission had no doübt whatever of it eventually emerging 
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as a centre for exchange of scholars between índia and the 
Latin American countries, in which case, even foreign aid would 
possibly, be forthcoming : for the Institute. The larger índias 
connection has been, and still largely is, to an overwhelming 
extent, with the Anglo-Saxon cultures; and Indian culture is the 
pqorer for this isolation from the Latin impact. ,A better ac- 
quaintance with the Latin civilisations of Europe and South 
America might open a new world of possibilities for índia, and 
not only in the way of trade and technical exchanges. I can 
see our young diplomais coming to Goa'for their language 
equipment, as well as for their re-orientation course. If Goa 
is to be developed as a tourist centre, let it not be exclusively to 
exhibit its natural scenery and its ruins. 

A Link with África 

Goa has been, also, in dose contact with some of the Afri- 
can countries over a long period of time. Goans, have gone out 
in various capacities not only to the Portuguese African colo- 
nies, but also to other parts of África outside the Portuguese 
colonial empire. The experience gained by this association- 
could be capitalised and developed. Colonialism is crumbling, 
in África, and every few months sees the birth of, a new African 
nation. I can see índia wanting to establish friendly relations 
with these countries, for many reasons; and I can see also, as 
soon as the barriers set up by the colonial powers have fallen, 
new fields of socio-anthropologiçal and linguistic studies open 
up for our scholars. .And I can see no other place in índia 
better suited, by long historlcal contact and by community of 
a colonial past, for a School of African Study than Goa. 

Traces of contact with a-Eurepean power are seen to sur* 
vive in Goa, not only though in varying^degree, in the outlook 
and.manners of a fair propor.tioii of its people, but also, more 
tangible, in the form of historlcal remains and documents. The 
full utilisation of this unique wealth of historlcal material requi- 
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tes bnowledge of many languages, both of East and West, as 
well as an intimate and m situ acquaintance with local geogra- 
phy monuments, tradition and legend. This material, if syste- 
mafcically used by well-equipped research scholarg, could throw 
abundant light upon the hístory of the European powers in ín¬ 
dia, and also on the history of índia itself, and particularly of 
the former enapires and kingdoms in the neighbourhood of Goa. 
A School of Historical Research based on our Archives and 
inspired by the historical remains in Goa should be a valuabe 
addition to the faculties of the Goa University, 

The location of a university is one of its significant aspects. 
Educationists and educational authorities all over the world are 
in ever-increasing measure, concerned with the natural surroun- 
dings and also the aesthetic lay-out of uníversities and other 
seats of learning. Goa is a place of entrancing natural beauty, 
where land, water and sky have conspired to create an ever-soo* 
thing and yet ever-arresting panorama. Familiarity, that makes 
all things stale, fails to State the loveliness of Goa. The foreign 
visitor, even one brought up amidst the most beautiful natural 
scenery, falis a ready prey to this beauty. I understand that a 
site has already been tentatively selected for locating a number 
of faculties, both old and new. If this is true, I have no doubt, 
the campus would be so planned as to place the university buii- 
dings at its centre. I guess the site will be in a posítion to 
command a vjew of our rice-fields, green or gold, and coconut 
plantations, shimmering in the sun and moon; of our rivers and 
hills and mountains; and of the sea. The very smallness of 
Goa is here an advantage. At whatever point the university is 
located, it cannot escape the influence of the entire place, nor 
can the entire place itself escape its in fluence. 

For a national university, Goa is still, and happily for us, 
free Trora the taints and perversions of regionalism. It is atiU 
Virgin soil for new ^itperiments, new ideas, new loyaltíes. Goa 
nas never sworn allegiance to any narrow linguístíc ideais. Its 
people have cultivated many of the languages of índia, always 


GOA UNIVERSITY 

with corapetence, soraetimes with distinction. They have shown 
a very especial aptitude for the acquirements of Western lan¬ 
guages and the assimilation of diíferent cultures. The impact 
of the West, whatever its incidental fauits, has its advantages. 
Today, Goa appears as a pioneer in thatcivilisingprocesswhich 
is fast unifying the peoples of the world through the same huma- 
nistic forces which also work through Science and trade. In 
this sense, the Goa university could be, not only the first truly 
national university in índia, but a pilot project for a really Inter¬ 
national university. It could be a place where Indian civilisa- 
tion and culture open outwards as well as inwards, cross-ferti- 
lising and cross-fertilised. We are ever talking of Windows 
upon the world, The Goa University could be more than a 
window: it could be a gateway, a meeting-place where East and 
West clasp hands and begin at last to understand. No wonder 
Nehru understood Goa so well; for he had realised in his single 
person, by a similar impact of forces and influences, what Goa 
has stood for in the past and stands for today. 






Será de Adaptação ou Criação 
0 Poema Vatsalá 


PELO 

Dr. António Furtado 

Sócio Efectivo do Instituto Menezes Bragança 


Sr. Presidente: 
Ilustres Confrades: 


Com a necessária modificação política que o Governo da 
Ditadura Portuguesa não soube prever nem compreender, for^ 
çando, por isso, a intervenção armada da índia para libertar Goa, 
a posição da cultura portuguesa tornou-se entre nos precária. 
Daí, chegou, talvez, o momento de inventariar o espólio de artes, 
letras e ciências que os nossos maiores nos legaram. Se não 
houver esse plano de reconstituição dos nossos valores, hão-de 
estes entrar num rápido eclipse. Causaria, na verdade, lástima 
. que deixássemos perder tão rico património, gerado na pequeni¬ 
na terra nossa e que contribuiu para sobremaneira elevar, nos 
tempos passados, o standard cultural dos Goeses nas línguas cul¬ 
tas da Europa, como francês, inglês e português, bem como nas 
línguas indianas. 

Quando os Governantes coloniais atiravam à cara dos Goe¬ 
ses a sua inabilidade para empreendimentos comerciais e indus¬ 
triais e a sua propensão para serem “ mangas de alpaca ”, obser- 
vava-lhes Menezes Bragança, que os indo-portugueses tinham, 


(*) Comunicação feita em 18 de Novembro de 1964. 
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atrás de si, uma longa tradição de se dedicarem à cultura de 
ispírito. E afirmava que fora o escol de inteligência goesa que 
tinha elevado o nome de Portugal nas Universidades e Âcade* 
'mias portuguesas e estrangeiras, como nenhuma outra colónia, 
e numa percentagem que, proporcionalmente, não ficava atrás 
de Portugal continental. 

E, na verdade, assim é. Se os Goeses não deixaram fama 
de Cresos, enriqueceram extraordinàriamente a cultura mental, 
honrando a terra do seu berço. 

Para citar alguns nomes: Nas Ciências, temos um Agosti* 
nho Lourenço, Renato Batista. 

Na Política: Bernardo Peres da Silva; Pe. Jeremias Mas- 
carenhas, Francisco Luis Gomes, Constâncio Roque da Costa, 
Elvino de Brito, Miguel de Mártires Dias, Bruto da Costa, 
J. 1. de Loiola, 

Nas Ciências Jurídicas: Luis de Cunha Gonçalves, António 
de Noronha, Caetano Gonçalves, Euclides de Menezes, Bragan¬ 
ça Pereira, Agostinho Colaço. 

Nas Ciências Médicas: M. C. Dias, Wolfango da Silva, 
Mulgãocar, Bernardo da Costa, Gama Pinto, Bossuet Afonso. 
Os dois últimos premiados pela Universidade de Heidelberg 
com medalhas de oiro, 

Na Poesia: Floriano Barreto, Paulino Dias, Adeodato Bar¬ 
reto, Nascimento Mendonça. 

Nas Artes: o Escultor Kamat (prémio de Academia das 
Belas Artes de Inglaterra); o pintor A. P, da Cruz (prémio da 
Academia das Belas Artes de Berlim ). 

No Jornalismo: Leopoldo da Gama e Menezes Bragança. 

Razão tinha o nosso ilustre consócio, Dr. C. Mascarenhaa, 
de sugerir a oportunidade de este Instituto promover durante a 
próxima Exposição do Corpo de S, F. Xavier, uma exibiçâe bi¬ 
bliográfica de livros, revistas e jornais escritas pelos Goeses, em 
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várias línguas e espalhadas nas diversas partes do mundo. Se¬ 
ria uma demonstração ampla de porfiado labor mental dos Goe¬ 
ses, agora que estamos [em condições mais livres de valorizar 
a nossa Grei. 

Interpenetração no domínio de Estética 

Poderá parecer que © tema da palestra vai pôr em dúvida 
a autenticidade do poema VATSALÁ, de N. Mendonça. Lon¬ 
ge de nós tal presunção, Se assim fosse, o que diria da nossa 
desvaliosa opinião o douto Prof, de Literatura.Port. no Seminá¬ 
rio de Saligão, Pe. Filinto Dias, para quem esse poema," de 
grande densidade emocionar’, “marca” o acume do talento 
poético de M. Mendonça ? (Esboço da hist. da lit. indo-portu- 
guesa, p. 55). Também para Ruy Sant’ Elmo (Sobriquet literário 
do Dr. Brito de Nascimento) Vafsald é uma obra prima de li¬ 
teratura indo-portuguesa. Uma obra bela em todas as literatu¬ 
ras ... (Subsídios para uma interpretação do poema no Heral- 
(fo,de 16|3|1940). 

Evidentemente uma obra deste tomo não merece que sofra 
comparações com outras, posto que de valor, porque uma com¬ 
paração, além de não surpreender uma identidade ou quase 
identidade dos pontos fulcrais, é pouco recomendável 

O que pretendemos todavia significar por “ adaptação ”, 
é apenas isto; se Vatsalá teria servido de pano de fundo, 
projectando o enredo igual que informe os traços fortes de per¬ 
sonagem central de alguma outra obra ; ou se é pura criação 
original do Artista. 

Vem de longe a esbatida semelhança que permeia a tessi¬ 
tura de certas criações literárias ou artísticas que são o encanto 
de todos os tempos. Não é verdade que os Lusíadas se não 
foram, parecem inspirar-se na Eneida e que o poema cíclico 
de Homero alargou o estro do poeta mantuano ? Também no 
campo de doutrinação, dè crítica literária e da do ideário social 
apreendem-se vestígios de quase identidade* de juizos na apre- 
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ciação d6 factos e tendências, situados, alias, oin períodos te» 
motos e climas diferentes. É notória., por ex., certa afinidade 
de processos literários de Balzac e Eça de Queirós ou conceitos 
históricos e críticos dum Michelet e Oliveira Martins, sem que 
se possa divisar aí vestígios de decalque ou imitaçílOi Uma 
criação fecunda entronca sempre o seu imperceptível velo no 
ritmo da arte ou do pensamento que outros mais alto elevaram, 
Haverá renovação de processos. Haverá superação, excedên* 
cia de euritmia nos valores éticos e estéticos — o que exclue 
a ideia de decalque. 

Este ligeiro introito é apenas para explicar que o tema deste 
breve ensaio destina-se a ser clarificado, de confronto com 
uma outra criação artística. 

Quando nos referimos à comparação de Vatsald cora uma 
outra obra, é óbvio que temos de indicar qual é essa obra. 

Já vai para anos que o saudoso Francisco de Mendonça, 
filho do Poeta, veio ao meu encontro com um manuscrito do seu 
pai e mostrou-me a Nota Prévia que iria pÔr no pórtico do 
poema póstumo do seu pai—V'atsa]á. ]á o conhecia como 
filigranista de prosa portuguesa e dotado de poderosos recursos 
de crítica literária. Animei-o para que rendesse o merecido 
preito à memória ilustre do seu Pai. Francisco Mendonça veio 
mais vezes. Foram-se estreitando as nossas relações pessoais. 

■ Quando, passado algum tempo, terminei a leitura do poema 
já em letra de forma, esses versos fizeram*me recordar a dramá¬ 
tica história dum beijo, parecida com a de um outro, igualmente 
trágico. 

E’ que me impressionára a semelhança entre Vatsád de 
N. Mendonça tSalomé de Oscar Wilde. Tanto o drama como 
0 poema trágico giram em volta dum beijo. Beijo de duas 
lindas mulheres: de duas tanagras cujas danças voluptuosas 
amaciavam o coração dos deuses das Devalaias e embriagavam 
de cobiça os Césares, reis e príncipes, E as duas feiticeiras 
porfiaram por obter um beijo! uma de S. João Baptísta e a outra, 
de um rixi indiano-candidato à santidade. 
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— Cest de ta bouche queje suis amoumuse — 
implora Salomé a Tohanaan. 

- Eis-me, enfim, a teus pés, suave e peregrina 
E venho por teu beijo que me alucina. 

diz perdidamente Vatsalá ao asceta indiano. 

Antes de lançarmos uma vista comparativa sobre essas 
duas importantes produções literárias, é interessante notar que 
um destino quase igual informou a vida dos autores dessas obras, 
posto que num plano diferente, 

Ao tempo em que se fez a 1.’^ representação do drama Sa¬ 
lomé (1896) no Teatro Uaume, de Paris, 0. Wilde agonizava 
numa cadeia, acusado do seu comportamento irregular, 

0 Prof. Pe. Filinto Dias informa no seu citado livro que o 
Vatsald de N. Mendonça assemelha-se pela sua originalidade e 
vigor ora ao lirismo místico de Tagore ora ao satanismo volup¬ 
tuoso de Beaudelaire a quem se assemelha ainda pelo teor da 
sua vida de boémio. 

As obras de 0, Wilde, com excepçâo de De Profundis foram 
quase que ridicularizadas e condenadas pela crítica. Para mais, 
Salomé fora arrancada da tradição bíblica e é sabido que a 
ortodoxia inglesa não aprecia que figuras bíblicas saiam fora do 
ambiente consagrado pelos envangelistas e teólogos. Além 
disso, fora escrito em francês considerado pouco académico, e 
que foi conservado na sua original impureza. Foi este o motivo 
por que, enquanto nos palcos de Berlim e Paris, esse drama era 
aclamado, em especial pela extraordinária actriz francesa Sarah 
Bernhardt, a cujo pedido fora escrito, Londres quase que o 
desconhecia. Sòmente em 1905, o drama teve representação 
privada no iVew Stage Club. 0 actor, Roberto Farquharson’s) 
que encarnou-se no papel de Herodes, tornou de surpresa a 
assistência inteira - “ hipnotizou-a ’’ diz um crítico. E, quando 
se repetiu a representação no Palace Theatre, os que, antes, 
sentiam-se horrorizados com o drama, rendiam-se perplexos e 
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vencidos perante a clamorosa dança dos sete véus da Salomé. 
Os antigos doestos e contumélias transformavam-se em hosanas 
de louvor. Um eminente eclesiástico que presenciou o drama^ 
diz um crítico, deixou-se fascinar tanto pela figura da Salomé 
como pela do Herodes Tetrarca. 

E esse drama antes tão detestado pela burguesia inglesa, 
foi depois considerado “ The most ^owerful and perfect of all 
his dramas 

Vejamos as semelhanças que caracterizara o nosso Poeta; 
Ha mais de 40 anos que morreu N. Mendonça, na sua casa de 
Gontal, na proximidade do rio de Chaporá — a sua Tágide ins- 
piradora. Aí, a sua imaginação ardia em êxtases audaciosos. 
O Prof. F. Dias emite este conceito valorativo do Poeta; a sua 
imaginação exuberante e sensibilidade delicada, inspirando-se 
largamente no conjunto de tradições, costumes e crenças da 
índia conferiram a sua obra “ originalidade e vigor que o apro¬ 
ximam ora do lirismo místico de Tagore, ora do satanisrao 
voluptuoso de Beaudelaire 

Na verdade, brotava em catadupas de luz e cor a sua 
ardente ideação do Poeta. 

Dizem que N. Mendonça embriagava se. E, como vimos, 
0 Prof. Dias atribuedhe o satanismo voluptuoso era resultado 
da sua vida de boémio. E talvez não esteja longe da verdade. 
O álcool, 0 sôma dos Hindus ou ambrósia ou néctar dos deuses 
antigos, se a muitos fez igualar à besta apocalíptica, elevou 
outros a culminâncias aurorais. Conheci um maharastriano cul¬ 
to, chefe dos Serviços Florestais que dissertando uma vez sobre 
Mahabharata e Ramayana, afirmava que poemas dessa magni¬ 
tude que desafiavam séculos e revelavam experiência univer- 
salista, só podiam ter brotado de uma assombrosa super-estesia, 
inspirada por sôma ou bebidas alcoólicas, E tanta ênfase punha 
nesta afirmação que apontava o exemplo vivente do pugnaz 
e etilisante jornalista Atrê, editor do popular jornal MARA^ 
THA. Não serão desses degenerados superiores que legaram 
ao mundo criações soberbas era Poesia, Arte e Música P Na 
literatura Oriental, o Poeta Omar Khayyám, é o mais acabado 
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exemplo de génio que devem ao “soma ” a divinização dos seus- 
versos. E’ segredo do Baco, o deus do sono e dos sonhos. 

N. Mendonça foi um destes. Os seus poemas “ Lotus 
do Sangue e do Ideal ” — “ A Morta “ Auto de Vida ’’ ■— 

“ Hervas de Hind ” — e a sua prosa tersa e filosófica dos “ Deuses 
de Benares ” que o Dr. Brito de Nascimento exumuou do arqui¬ 
vo doméstico, já vinham revelar o profundo cultor de tradições 
indianas, no que elas têm de belo e permanente. Ele e o poeta 
Paulino Dias foram dos que se inspiravam nas fontes indianas, 
enquanto os outros poetas seguiram na peugada dos poetas 
portugueses, embora alguns glosassem temas indianos. 

Foi, por isso, que o poema Vatsalá veio à luz depois de 
vários desencorajamentos e hesitações, graças à devotada dedi¬ 
cação do seu filho. 

Informa-nos ele que após a morte do seu pai, a Imprensa 
consagrou-o como o “ nosso maior poeta ”... que “ escrevia num 
estilo elegante Volvido algum tempo, o desditoso Francisco 
foi pedir a um poeta, seu amigo, que revisse e prefaciasse esse 
poema, ao tempo inédito, de seu pai; mas o amigo e poeta, apesar 
de mostrar o prazer de lhe ser agradável, devolveu-lhe o poema, 
acrescentando; “Seupai tem versos melhores ...Não conheço 
a cosmogonia indiana”.,. 

Antes desta recusa, um outro amigo levou o poema a An¬ 
gola para aí ser publicado. A ideia não teve êxito e o manus¬ 
crito foi-lhe devolvido, amarrotado e gasto. 

Afinal, depois de várias hesitações, Francisco Mendonça 
afrontou-se a publicar o Poema, - de cujo merecimento duvida¬ 
vam os vates e literatos da nossa Terra - e socorreu*se de vali¬ 
mento do exímio médico e homem de letras, Dr. Wolfango da 
Silva, presidente ilustre que foi deste Instituto, No proémio 
que escreveu, o Dr. Wolfango admitiu que não conhecia a Arte 
Poética para poder apreciar os versos de N. M., alguns dos 
quais, de ordem altamente metafísica. “ Vejo o assunto — 
escreveu ele — através do denso nevoeiro. Antes isto que 
não querer ver nada E referindo-se ao Poeta, exclamou: 

Quem há nesta Terra capaz de medir a estatura de Nasci- 



150 BOLETIM DO INSTITUTO MENEZES BRAOANÇA 

mento Mendonça ? Aqui não se cultiva a flor de bondade, mas 
são como a figueira maldita onde Judas se enforcou, l^ara esta 
Terra ele foi grande demais 

O Dr. Wolfango, às vezes, arrebatado pelo excessivo sentí^ 
mento de sua justiça, tinha desses destemperados^ desabafos. 
Daí, a generalização de “ figueira maldita Dele, disse-me um 
magistrado, já falecido, dos mais distintos í O dr, W» da Silva 
escreve bem, mas às vezes pensa mal...mas quaisquer que sejam 
as opiniões, o dr. W. tinha um magnânimo sentimento de bonda* 
,de. Daí, a sua revolta contra quem discordasse dele ou se con¬ 
vencesse de que vinha em defesa do que ele não achasse justo, 

O certo é que, depois do seu prefácio, choveram aplausos 
ao poema de N. Mendonça. O Dr. B. de Nascimento aprecian¬ 
do Vatsalá, escreveu: “ Pelo admirável senso do ritmo, musi¬ 
calidade das expressões, N, Mendonça é, dentre os simbolistas 
portugueses, um dos melhores. 

(Vatsalá) E' uma obra bela e por isso mesmo, uma obra 
eterna. (no Heraldo 16/3/1940). 

Para o Prof. F. Dias, como vimos, Vatsalá marca “o acu- 
me do talento poético de Nascimento Mendonça, é um poema 
de grande densidade espiritual ” (pg. 55). 

Algum tempo depois o Dr. W. da Silva fazia uma palestra 
sobre Vatsalá, radiodifundida pelo Posto Experimental de Pan- 
gim, era que apreciou magistralmente o pungente drama hu¬ 
mano “ cujo verdadeiro aspecto (nem todos) atingiram “dra« 
ma que é cantado em versos que correm todos os tons da escala 
cromática da poesia” (in O Heraldo de 10/3/1940). 

Vejamos agora se há alguma similaridade entre o poema 
de N. Mendonça e o drama de 0. Wilde: 

Salomé é drama em um acto, baseado no facto bíblico em 
que as personagens principais são Herodes, Salomé e Tokanaan, 

; Tokanaan é o Evangelista S. João Baptista que denunciava 
0 adultério de Herodes, por ter este assassinado o sou irmão 
e estar a co-habitar com a mulher dele, Herodiade, Herodiade 
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tinha uma filha, Salomé, de uma tara beleza e era uma dança- 
rina que maravilhava pelo seu esquesito ritmo. 

Porque a Herodiade não podia suportar as terríveis impre¬ 
cações do Santo, Herodes encarcerou Tokanaan numa cisterna. 

Herodes cubiçava Salomé. E o seu prazer sensual culmi¬ 
nava em plena euforia, ao vê-la dançar, quase nua, o bailado dos 
sete veus. 

Numa das noites luarentas e cálidas Herodes convidou 
Salomé a dançar. 

Como as insprecações do Santo ecoavam pelo Palacio, 
Salomé tentou ir vê-lo. E achou-o selvagem, mas belo como 
um éfebo. Apaixonou-se pelo seu cabelo, pelos seus olhos e 
pelos seus lábios. E pediu-lhe um beijo. O Santo vociferou con¬ 
tra ela. Salomé insistiu i Hei-de beijar a tua boca J ai hai^ 
serai ta bouche. 

Nessa noite era que Herodes pediu-lhe que dançasse, Salo- 
raé fez-se rogada. Herodes prometeu-lhe até metade do seu 
reino ou aquilo que Salomé desejasse, se dançasse. Salomé 
selou a promessa e dançou. Herodes que estava encanta¬ 
do, perguntou-lhe que recompensa ela queria. Salomé pediu 
que lhe fosse entregue a cabeça de Tokanaan. Herodes tremeu 
de ouvir esse pedido e fez-lhe as mais assombrosas promes¬ 
sas para a demover desse sacrílego e criminoso pedido. Salomé 
insistiu e invocou a palavra dada pelo Tetrarca. Herodes, desa¬ 
tendido apesar de suas patéticas súplicas, ordenou que'se entre¬ 
gasse a Salomé, a cabeça de Tokanaan. 

Salomé. segurou a cabeça do Santo e beijou-lhe os lábios. 
Não tinha ela dito ; fai baiserai ta bouche ? 

Herodes horrorizado desse instinto de fera, mandou matá-la. 

Agora, 0 enredo de Vatsalá : ' ■ 

Vatsalá é uma jovem e formosa rapariga, da classe de bai¬ 
ladeiras— as vestais das Devalaias e escravas dos homens. 
Solteira, mas simbòlicamente é noiva do rúbido hibiscus, uraa 
planta devocional. Não terá, por isso, a dor de ter sogra, nem 
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as dores de criação. A sua história é como a de outras baila¬ 
deiras e bavinas que têm suportado o triste estigma de nasci¬ 
mento. 

Ela revolta-se contra essa sua sorte numa sóplica a que os 
seus deuses parecem surdos: 

Minha ffiâe d&u-me o êstfo infawanU do vIcíO»**... 

AnUs ms d&Ya of&lêo hàfhãfo Oí/lcw «*»•««*•» 

Sim, teria provado o fel. E talveí! não hesitasse em beber 
cicuta, indiferente à morte como Sócrates. 

Essa pequenina bailadeira, na impure/a da sua vida, sonha 
todavia conceber um amor puro. E descobre«o num Rixi. 

Em vão, em vão, (lamenta ) — sonhei com tm sonho dm 
6 lindo . Que é feito do meu sonho ? 

Que é feito Madeva dos meus mais florindo ? 

Como mulher que era, não podia fugir à leí eterna do amor. 
Ela começa a desdenhar o amor prostituído que trouxe a seus 
pés, rajás e príncipes, joias e pedrarias preciosas, para o trocar 
pelo 0 dum rixi que se acha estendido sobre uma pele de tigre» 
na contemplação de uma vida extra-humana de mística santi¬ 
dade. Não corresponderá o Rixi ao Santo Precursor de 
0. Wilde? E Vatsalá a SaloméP 

E’ brônzeo o corpo do Rixi. A sua face escura, evoca a he¬ 
roina “um calmo luar e a ternura dos ninhos”. Ela pede ao 
Rixi que lhe abra “ o cofre inviolado do seu coração, onde nunca 
fulgiu 0 luar das quimeras, puro e sereno como as virgens sem 
pecado E a tentação começa: 
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Diante de ti se dobra a minha mocidade 
Como um guerreiro ao pé de Graça e Formosura 
Como um monge evocando a suprema Verdade 
E contudo não larga a minha carne impura 
Um desejo imortal que flameja e se acirra 
Ao ver-te a face bruna, trigueira e dura. 

0 meu sangue ruge e arde... 

E a tentação avança: 

Não me vês a teus pés humílima e vencida ? 

Não sentes o meu corpo ungido de perfumes ? 

Bem sei que és casto e não vês que sou bela ? 

Eis-me, enfim, a teus pés, suave e peregrina 
E venho por teu beijo que alucina . 

0 Rixi não cede nesta luta entre amor que íoi venal e cas¬ 
tidade vitoriosa. 0 Poeta não revelou os anátemas que sairam 
da boca do Rixi, camo saíam da boca do Tokanaan ; mas vê-se 
que também o Asceta imprecava. 

E’ Vatsalá quem o deixa entrever, referindo-se a ele 
(depois de morto); 

Não mais dirás que sou carne impura 
Não mais me afastará o teu gesto felino. 

0 Rixi não cede. Qual o processo de beijá-lo se “ só por 
um beijo ” ela veio ? 

A Saloraé tinha ao seu lado, o poder de Herodes para 
mandar decapitar Tokanaan. Vatsalá era fraca, Só um proces¬ 
so de Maquiávelo poderia fazer vingar o seu desejo de beijar 
0 Asceta. 

Como ? — Misturando veneno no leite que deitaria, como 
esmola, na sua escudela de rixi mendicante. 

20 
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O Ríxi bebe '0 e morre. Vatsalá beija-o e exclama : 

Morreste, o que te importa ? O meu sangue ruge e arde, o 
teu beijo de gelo a sede nâo me acalma. 

E quer acalmá-la. O amor que nela florira era também 
0 arnor de eternidade. Vatsalá salta à pira e abraça o corpo do 
Rixi que sobre a mesma se acha posto. E as chamas devorara 
os dois. 

Refere o erudito Ananda Coornaraswani que o sati, consi¬ 
derado na sua aparência, sem se apreender a real e indissolúvel 
unidade de dois espíritos, torna-se um espectáculo hedionda- 
mente desumano. Informa-nos também que, tendo-se impedido 
a prática de sati às viuvas, estas, ou voluntàriaraente se quei- 
maram ou atiraram-se nos rios ou morreram de fome. Não são 
raras as trágicas cenas que Shakespeare tipificou no Rorneu 
e Julieta e Soares de Passos celebrou no Noivado do Sepulcro. 
E’ que 0 verdadeiro amor vai até ao sacrifício. 

Vatsalá demonstrou que o seu amor era verdadeiro, pois não 
recuou perante o supremo sacrifício de sua vida. “ Só vale a 
vida, se é desejo realizado, seja sonho ou mentira. ” 

Não estará na Vatsalá o retrato de Salomé ?. 

Como símbolos, as duas figuras centrais, embora tipos dife¬ 
renciados, virtualmente equivalem-se: Uma recusa até metade 
do reino e outras preciosidades, para ter a cabeça de Tokanaan 
e poder beijar a sua boca — beijo que o Santo lhe recusava ; a 
outra renuncia as oferendas dos reis e príncipes para bailar 
0 Rixi. 

Confrontemos os outros pontos de semelhança que fazem 
aproximar Vatsalá da Salomé: 

Contemplando a negrura dos olhos de Tokanaan, Salomé 
vê neles cavernas escuras onde os dragões se abrigam. 

Irrita-se o Santo com esses olhares de cobiça e ruge: 

— Quem é esfa mulher que está a olhar-me? Não quero que 
ela me veja. Porque observa-me ela com os seus olhos de oiro, 
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velados de pálpebras doiradas? Diz-lhe que se vá embora. 
Não lhe quero falar. 

""Salomé responde: Sou Salomé, filha de Herodiades, 
princesa de Judeia. 

— Tokanaan: Para trás! filha de Babilónia. Não te 
aproximes do eleito do .Senhor. A tua mãe encheu a terra de 
iniquidade e o clamor dos seus pecados chegou até Deus. 

— Salomé faz exacerbá-lo, dizendo:—Continua a falar, 
Tokanaan, Encanta-me a tiia voz. Continua a falar e diz-me 
0 que devo fazer, 

— Tokanaan: Não te aproximes de mim. Cobre a tua 
cara de véu e a tua cabeça, de cinzas, e vá ao deserto bu.scar 
0 íilbo do Homem. 

Salomé : E quem é esse filho de Homem ? E’ tão' belo 
como tu, Tokanaan ? 

Essa exaltação apaixonada de Salomé contrasta com a na¬ 
turalidade e simplicidade de Vatsalá, característica da român¬ 
tica alma indiana, estruturada com um misto de amorosa bon¬ 
dade e filosófica atitude perante a dor de viver. 

Pergunta Vatsalá:- Donde vieste, Rixi, para mim que sou bela 

Com os olhos de luz e a voz que amaldiçoa ? 

Olhar onde nunca fulgiu o luar das qui- 

[ meras 

Puro e sereno como as virgens sem pecado. 

A “ voz que amaldiçoa ”, e num outro passo: “ não mais rne 
afastará o teu gesto felino ”, vêm revelar que o Rixi, como Toka¬ 
naan, repelia o doce apelo da tentadora. Todavia, Vatsalá lan¬ 
ça a sua concupiscente teia de amor, tentando desviar a visão 
do asceta para o eterno apelo genésico da vida. Não é verdade 

que 0 asceta Visvamitra, tinha caído na tentação.? E 

lança-lhe esta rede: 
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Diz-me, agora, Mahraj, não vale mais a mentira 
Que de rosais em flor, os abismos debrua ? 

Não vale mais que o ideal que em nossas mãos expira 
Só vale a vida se é desejo realizado 
Se é sonho se é mentira amorosa e fecunda 
Como a face do mar sob o céu estrelado. 

Voltemos a Salomé: Ela admira o corpo de Tokanaan e 
exclama :-™Tokanaan estou enamorada do teu corpo, branco 
como 0 lírio dos prados e como as neves qne cobrem o cimo de 
montanhas de Judeia. Nada há no mundo tão branco como o 
teu corpo. Deixa-me tocá-lo. 

Tokanaan: Para traz, filha de Babilónia. E’ através de 
mulher que o mal entrou no mundo. Não quero escutar-te. Só 
ouço a palavra de Deus. 

Vatsalá murmura: 

Eras ali um Deus, o torso bruno e forte 
Bronze sem mancha 


Deixa-me cingir-te, tal como as verdes heras 
0 tronco da palmeira, a tua carne dura. 

Num outro passo, Salomé contemplando a cabeça do Santo 
implora : Se me tivesses visto, terias-me-ias amado. Eu que 
te vi, amei-te. Oh! Como eu te amei e te amo ainda ... Tenho 
sede de tua beleza, 

Vatsalá: 

Teu sonho não me vê e não muda ds rumo 
Si tu pudesses ver-me.... 

— Salomé, perturbando o Evangelista: Tenho fome do teu 
corpo ... E nem os rios nem as águas caudalosas poderão saciar 
essa sede. Encheste de fogo as minhas veias. 


— Vatsalá: 

Diante de ti se dobra a minha mocidade 
Como um guerreiro ao pé de Graça e Formosura 
Como um monge evocando a suprema Verdade 
E contudo não larga a minha carne impura 
Um desejo imortal que flameja e se acirra 
Ao ver-te a face bruna, trigeira e dura. 

O meu sangue ruge e arde 

— Salomé: Bera sei que me terias amado, pois que o mistério 
do amor é mais insondável que o mistério da morte. Só o Amor 
conta, (vale) 

Vatsalá: 

Não é acaso o amor o caminho que à morte 
Nossas vidas conduz como sobre alfombre ? 

Só vale a vida se é desejo realizado 
Se é sonho, se é mentira amorosa. 

E, finalraente, Salomé, beijando a boca da cabeça decepada 
do Evangelista, exclama: Beijei a tua boca, Tokanaan. Os 
teus lábios tinham um sabor acre. Seria o sabor de sangue ? 
Talvez, seja sabor do Amor. Dizem que o amor tem um 
sabor amargo. Que importa! Beijei a tua boca,Tokanaan. Bei¬ 
jei a tua boca ! 

Herodes horrorizado voltando-se para Salomé, ordena : 
Matai esta mulher. E Salomé foi morta. 

Não tinha a dançarina dos sete véus dito que ela havia de 
beijar a boca do Santo? Beijou-a, embora fosse ela morta 
também, 
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E Vatsalá ao Rixi: 

A morte deu-te a paz, a eterna e doce calma 
Morreste, o que te importa? E o meu sangue ruge 

[e arde 

O teu beijo de gelo a sede nfio me acalma 
Só tu hás-de cingir o meu flexível busto 
E quando eu te beijar, como o fumo dos lares 
Há-de em fumo evolar-se o men desejo adusto. 

íü 0 beijo de gelo derrete-se ao calor de chamas da pira fu- 
megante que vai abrasando o corpo do Rixi. 

Na exacerbação de um amor agónico, Vatsalá, na ânsia 
apoteótica de sublimar o seu amor, purificado pelo fogo, excla¬ 
ma, trémula de delírio, contemplando o corpo do Asceta: 

O’ corpo exangue, de pureza e de granito! 

Perfeição que assoberba e que jamais se atinge 
Asa de Sol que é Deus e habita o Infinito. 

E atira-se à pira abraçando o cadáver do Rixi: 

Posso enlaçar-te enfim ! Tu pertences-me, Esfinge! 

E as chamas devoram os dois corpos, unidos niitò amplexo 
de fogo. 

Não tinha Vatsalá dito: 

Deixe-me beijar*te e cumpra-se o destino 
Eu só quero beijar-te e cair na voragem ? 

Será Vatsalá — poema de adaptação ou de criação ? 

Chegamos, agora, ao ponto delicado e, porventura, melin¬ 
droso, resultante da comparação do drama de 0. Wilde com 
0 poema de N. Mendonça. 

Poderá parecer, à primeira vista, que o Poeta inspirou-se 
nesse drama, dados os contactos de ideação, da emotiva magia 
pictural e enredo da acção que informa as duas obras. 
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Antes de mais, é de notar que os protagonistas do drama 
foram arrancados à Bíblia. 0 Evangelho de S. Mateus ( Cap, 
XIV) diz em conciso latira: Die antem naialis Herodis, mltavii 
filia Herodiadis in medio etplacent Herodi Unde mm jura¬ 
mento poUttus e&t ei dare quodeunque ^ostukmt ab eo, 

At illa : proemonita a rnatre sua: Da mihi, inquit, hic in 
disco^ caput Joannis Bapti^tae, 

Daqui se vê que nem 0. Wilde, nem os que interpreta¬ 
ram vária mente a bíblica Salomé, têm originalidade, a não 
ser em relação âs figuras secundárias. Assim, a intervenção 
de um sírio ou de um capadócio ; as discussões de Judeus de 
Jerusalém que consideram Tokanaan o maior profeta que viu 
Deus. Um outro Judeu afirma que sòmente Elias presenciou 
0 Jehovah, pois que nesses tempos distantes Deus não se ocul¬ 
tava como agora. Entra na discussão Herodes que, para não 
dar parte fraca, afirma que o próprio S. João Batista é o profeta 
Elias 0 que os Judeus negam por Elias ter existido 300 anos 
antes. 

Um Nazareno e um Judeu discutem a vinda do Messias. 
O D afirma que o Messias chegou; o 2^* nega. Da mesma forma 
um Saduceu e Fariseu argumentam sobre a existência dos anjos 
■— dos anjos que falavam com os camponeses. Outros ainda 
dizem que Messias ressuscita os mortos. Herodes intervera, 
aflito, para declarar que Messias pode fazer todos os milagres, 
menos 0 de ressuscitar os mortos, porque seria terrível se os 
mortos voltassem e repovoassem aterra, em detrimento dos que 
vivem. 

Certamente, a impressionante originalidade de O, Wilde 
está na patética dialogação entre Herodes e Salomé. O Te- 
trarca promete-lhe preciosidades inimagináveis, sòmente para 
salvar a vida do Santo. Mas a dançarina não cede. 

No monólogo final de Salomé, horripilante, mas admirável 
na trágica e vívida expressão artística, reside o extraordinário 
segredo do sucesso desse drama. 

E N. Mendonça ignorou o que relevantementa de original 
informa a Salomé de 0. Wilde. 
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Sobre esse mesmo tema bíblico, o mestre dos parnasianos 
etn Portugal, Eugênio de Castro, emprestou à sua Salomé o ar 
doce e meigo de uma tricana, a devanear entre os choupais. 

Salomé admira os seus ferozes tigres de Núbia e tem paixào 
por um deles, o mais encarniçado de todos. Quando ela sobe 
a escadaria das jaulas, erguem-se furiosos os leões ao ouvir os 
passos que se aproximara : 

Mas — {canta o poeta) — vendo Salomé, aplacam 

[seu furor 

E, em movimentos lassos 
Dão rugidos de Amor! 

No entanto, Salomé, divinamente bela, 

Pelas grades estende as mãos prateadas 

Que os leões cheiram, era lânguidos delírios 

Julgando que são lírios 

Num gesto musical que espalha mil perfumes 

Do favorito leão a juba acaricia 

E (note-se ) os outros leões rugem de amor e ciúmes. 

Guardadas as diferenças, dir-sc-ia que o “ leão favorito ” é 
como 0 Cardeal português, da Ceia dos Cardeais do Dr. Júlio 
Dantas, que demonstrava como era diferente o amor em Portu- 
gal,,. 

Ao retratar o Evangelista, o Poeta Coimbrão descobre 
nele o perfeito amor*' cortês ” que o traz enfeitiçado. 

wS.Joâo que era branco de neve, para 0. Wilde, já muda 
de cor: 


E’ agora. 


“ Moreno, cor de bronze, os cabelos crescidos 
Olhos doídos, febris, cheios de maldições. 
Seus sonoros rugidos 
Fazem tremer de susto os outros Icôes, 
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Mas apenas Salomé se aproxima da jaula do Santo, 

João que para outros é feroz 

E’ para ela um doce cordeirinho 

Mal a vê, amacia a sua rude voz 

Mudando o seu olhar de ferro, em olhar doce de 

arminho. 

O idílio continua. E se não houve troca de anéis, foi por¬ 
que S. João 0 não tinha: 

Salomé ama João 

Ainda mais do que amava o leão que lhe morreu-* 

Passa horas sem fira, cheia de emoção 
Ao ouvi-lo discorrer sobre Jesus e o Céu... 

E 0 Santo que tragava gafanhotos, untados de mel silves¬ 
tre, saboreia manjares pantagruélicos que a Salomé lhe oferece: 

Logo pela manhã, leva-lhe de comer 
Iguarias sensuais, dignas de grandes reis 
Dá-lhe flores a cheirar e vinhos a beber 
E até lhe deu um dos seus fúlgidos anéis... 

E 0 austero precursor 

Que andava nú ao Sol, mastigando raizes. 

Ama perdidamente o delicado anel 
Cuja pedra lhe doura as noites infelizes... 

A dança da Salomé é admiràvelmente descrita pelo Poeta; 
mas a dançarina que amava perdidamente o Santo, instigada 
pela sua mae, pede em segredo a Herodes 

Dá-me a cabeça de João Batista ! 

Treme o Tetrarca de ouvir tal : 

Preferira dar-te (diz) 

Toda a baixela, todo 0 meu tesouroMi » 


21 













BOLETIM DQ INSTITUTO MBNE55ES BRAGAHÇ4 


Mas, breve, a um gesto seu, um escravo 
um escravo negro parte 
Uma espada levando e um grande 
prato de oiro.... 

, Como se está a ver, trata-se de um mesmo tema, díver^ 
samente arquitectado sem que se possa acusá-lo de decalque 
ou imitação. Pelo contrário, o Santo cuja santidade 0. Wilde 
manteve, E. de Castro converteu-a em pecado, simbolimdo np 
anel, oferenda de Salomé. 

Porém, depois do brazeiro de uma paixão louca, Salomé 
trai a velada aliança para ceder a este torvo apelo de Hero- 
diades 

“ Se queres que a tua glória exceda às mais brilhantes 

Rega com sangue quente as raizes da glória 

Certamente, o final—conquanto mantenha a verdade hisi 
tórica, destoa da bondosa índole portuguesa, cuja influência se 
palpa no decorrer do Poema, 

Há ainda uma outra versão de Salomé: do fascinante 
escritor ibero-americano, Vargas Villâ. Este prosador-poeta 
que culminou a violência do seu cinismo no célebre romance 
íbis, personificou em S. Joio Baptista, o ciumc violento de um 
brigão de capa e espada. Destruiu toda a pureza do Santo e 
conspurcou-a numa hedionda lubricidade. 

S, João ama Salomé com ardência e paixão de um toureiro 
que só sabe lidar com touros de morte. Salomé ama-o também, 
0 Santo que havia renunciado aos prazeres do mundo, para le¬ 
var uma vida de austeridade, penitência e oração, transforma-se 
em uma lava de sensualidade, Perturba-lhe a dúvida dílaceran- 
te de que Salomé que o ama, poderá vír a ser inteiramente sua. 
Daí, foge com ela. E para que a posse dela fosse exclusiva e de 
ninguém mais, louco de amor e roido de vagas de ciume, mata 
Salomé. E na suprema delícia e certeza de que ninguém a po¬ 
deria possuir e, desfeito o elo que o poderia prender à vida, ele 
mata-se também.. 
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Este desfecho poderia ter sido do Poeta português, dadas 
as' afinidades rácicas que informam as tradições da península 
Ibérica, 

Umaestranha e curiosatsimpatia parece vincular e atrair 
santos epecadores. Exemplos não faltam: Maria Egipciaca 
tornou-se santa, depois de levar uma vida de devassidão. É 
S. Maria Madalena a quem Vargas Villa descreveu como amante 
de Judas, atribuindo o suicídio deste aos ciúmes que tinha de 
Madalena por esta se ter despedido da vida pecaminosa e arre¬ 
pendida purificar*se no seio do Cristianismo. E’Thais, heroina, 
de Anatole France a quem o anacoreta Paceferuncio foi conver¬ 
ter para a santidade. E, de facto, converteu-a, mas fascinado 
pela sua escultural beleza entregou-se á vida de libertinagem. 
Vemos repetir igual históiia com a “ Santa Cortesã ”, de Oscar 
Wilde que buscou seduzir o eremita Honório. 0 eremita pregou- 
-Ihe amor de Deus e a cortezã, de nome Myratrina, embevecida 
na contemplação dos ensinamentos de Cristo, converte-se ao 
Cristianismo. Depois da sua conversão foi assaltada e morta 
pelos salteadores. Do outro lado Honório, enlouquecido pela^ 
cegueira de paixão que a cortesã lhe inspirara, foi à caminho,, 
de Alexandria à busca de vida de prazer e distracção. 

Porque não será também santificado o amor enobrecido 
e purificado de Vatsalá? 

Nenhuma dessas interpretações aproxima-se pela sua idea- , 
lidade, do contexto do Poema Vatsalá, considerando-o no seu < 
conjunto, embora, como atrás referimos, haja pontos de seme- 
lhança e contacto. E’ que N. Mendonça foi buscar à mística 
e à organização religiôsa e" social da índia, a inspiração das 
suas personagens. 

Não temos conhecimento da'existência de outra tiarrativa 
que tivesse posto em cena figuras iguais e com iguais motivos. 

Tem razão o Dr. Brito Nascimento quando acentua que 
” a concepção do poema (Vatsala) so podia gerar-se no seio da 
mentalidade indiana ” e acrescenta : ” o élan, a emotividade, 
a sensibilidade criadora é portuguesa. E digo portuguesa por- 
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que foi sob a influêticia dos poetas portugueses que a sua sensi¬ 
bilidade se afinou Etn reforço do seu juizo, cita esta opinião 
da professora da Universidade de Hyderabad, Dr.'^ Etel Pope; 
He (N. Mendonça) possesses the impetuous imaginacion of the 
Portuguese combined with Indian sensiüviness " (índia in 
Portuguese Literature, pg. 267). 

De certo, as letras portuguesas influenciaram o seu estro, 
pois que escreveu em língua portuguesa. Mas o Poeta escreveu 
também em inglês. O seu filho refere-se ao poema do seu pai, 
The Crown of Myrtle. Nesta língua, como na língua alemã, 
francesa e até brasileira (ao contrário, de língui portuguesa) 
há bastantes obras traduzidas de literatura indiana—o que é 
provável que tivesse alentado a imaginação do Poeta. 

E' de notar que os artistas europeus buscam de preferência 
efeitos surpreendentes de estética, um puro fluxo e refluxo de 
beleza, sequiosos como são de luz, cor e ritmo. Neles, em regra, 
0 sentimento do belo e a elevação filosófica não vão juntos. Ou 
há'de ser arte ou há-de ser filosofia. Daí, essa sublimação e 
apego ao jogo cromático de palavras, e cenas de embriaguês 
voluptuosa, como a de a Salomé perguntar à íokanaan se o 
Cristo seria mais belo do que ele, 

Pelo contrário, as obras de Arte Indiana, desde a clássica 
a popular, reflecte a harmoniosa interpretação de que emociona 
0 sentimento e eleva o pensamento. Não.Scão de Arte pela Arte; 
mas por um sentido ético c filosófico da Vida, em que ao lado; 
rumorejante do prazer, transparece a ideia do sacrifício. 


,nte do prazer, transparece a ideia do sacriticio. 

iare*se nestes exemplos do Vatsalá: 

Ai de ti! Ai de mim... Se a Vida foge, voa 

Que importa que a nossa alma em Brahma se concentre, 


Morto 0 jardim, esvai-se o aroma que atordo; 




nesta canção, apesar de 
levando o filhinho ao colo 
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Por ti fez-me Deus na pobreza 
Mais rica e nobre do que as rainhas 
E eu vejo em ti toda a Beleza 
Que tu talvez nem adivinhas. 

E nesta inatingida definição da Verdade, explicada por 
meio de símbolo; 

A onda quebra-se na praia 
E volta ao mar e é sempre água 


Quebra-se a onda e não se amansa 
Feita água, voltando ao Mar.., 

E mais este Hino dum Sâdhu que poderia caber dentro do 
hinário que se compusesse em louvor da Organização das Na¬ 
ções Unidas, mostrando aos Povos a iiianidade das lutas e de 
própria Bomba Atómica que parece condensar a toada do dies 
irae^ dies illa, do cantochão fúnebre; 

Eu sonho a Hora Suprema 
Em que irei já disperso 
Em ritmos de um poema 
Que se chama o Universo. 

Seiva ou polen fecundo 
Meu ser por toda a parte 
O’ Criador do Mundo! 

Há'de enfim enlaçar-te. 

Hei'de ver-te na fonte 
Adorar-te no arroio; 

Por li serei no monte 
Arbusto, trigo ou joio. 

Serei na crista da onda 
Espuma de oiro a afiar 
No mar que ninguém sonda 
Um frémito de luar. 
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Deixa-la vir, a Morte, 

Sombra de Deus na Dor 
Deixa-la vir, a Morte, 

Mãe do infinito Amor. 

Certamente pelo seu conteúdo e expressão literária, esse 
Poema reflecte o surto do génio criador do Poeta. O seu ta¬ 
lento sentir-se-ia diminuído e vexado, se pretendesse adaptar, 
imitar ou decalcar o seu pensamento no pensamento alheio. 

De resto, diz Anatole France com acerto: Todos os assun¬ 
tos pertencem a toda a gente e é lícito a cada um tirar o que lhe 
apetecer e onde o achar. Com efeito, plagiário é aquele que 
pratica sem talento, a desfiguração mal realizada do que apro¬ 
veita. E, na verdade,— continua—todos nós somos plagiários, se 
valemos qualquer coisa, porque não podemos iniciar uma só 
ideia grande e luminosa sem roubar a alguém, consciente ou 
inconscientemente ( Nicolas Ségur —Conversations avec Ana¬ 
tole France). 

Desta arte, mesmo que a obra do Poeta se inspirasse, por 
mera hipótese, na Salomé de 0. Wilde, seria antes uma assimi¬ 
lação sem vestígios de adaptação, valendo pelo que tem de 
superiormente belo e perfeito. Ele ficaria ao lado de 0. Wilde, 
num plano igual e nunca no de imitadores servis. “Só um 
extraordinário poeta - escreveu o Dr. Brito Nascimento, referin¬ 
do-se a N. Mendonça - podeira ter realizado uma obra assim ™ 
E assim é, de facto. Em conclusão : 

N. Mendonça pertence ao número dos grandes poetas do 
Oriente como Firdousi, Saadi, Hafiz, como cultor da língua 
portuguesa. Cabe-lhe a honra de ser poeta criador que soube 
enriquecer tanto a poesia como a prosa portuguesa. Mas é, fun- 
damcntalmente, um génio indiano, porque o seu estro foi ali¬ 
mentar-se da seiva da terra-mãe, com todas as suas virtudes e 









